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Bicelectrical Phenomenma in the Cortex
of the Larger (Cerebral) Hemispheres,

Part I.

by
A1, Roitbak

Preface
The conditioned reflex is & central physiological phenomenon
in the normal work of the cortex of the larger hemispheres, (TN:
Hereafter referred to as the cerebral cortex,) Procesding from this,
T he mEin gap in the ’eiee%i‘vp‘hysioiogicai sudy of the cerevral cortex

can be formulated in approximately the Pollowing way: to study on

the bagis of bioelectrical expressions of activity of coi'tical neurons

those inner nerve processes which are the basiz of the conditioned-
reflex activity, (Footnote: Adrian thinks that,,, "ihe mechanism
of the conditloned reflex cemnot be determined in terms of neuron,

synhpee, end impulse' " (Adrian, 1938), The conditioned reflex is a
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reflex to be realized through temporary connection, i.e. this is a
physiological phenomenon that has definite structural foundations,
and certainly the mechenism of conditloned reflexes can be disclosed
by physiological methods of investigation (see Pavlov, 1932, 1934;
Beritashvili, 1953). On the other hand,.'in the opinion of Walter,
this is only a question of technical refinemex}ts in order to be able
to observe in the form of electricel discharges ideas that arise in
the brein of man (Walter, 1952). Of course, this notlon is not
correct. Thinking cannot be expressed as adequately ideal in

bloelectrical potentials of brain tissue and cannot be reduced to them, )

Apparently the oscillogrephic method giving an opportunity for
direct observation of the nerve processes must play an 1ncompa1{1b1y
greater role then the method of extirpation and the method of
electrical stimulation, even in case it is limited by the use of
bicelectrical phenomena as such in the objectives of investigation of
the physigloglies! fimetions of. the cerebral cortex, the guestion of
the essentiality of the nature of these potentiale, i,e. whether
temporarily it 1s not to be regerded es the physico-cﬁemical bases
of these potentials, being put aside, Indicative of this are the
large-scale discoveries made during the last 25 years, after the
well-known paper of Samoilov (1930), in the field of the physiology

of the spimal cord, as well as the quick accumulation offbets on

«
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the electrophysiology of the cerebral cortex,

Having set as my purpose the use of the oscillographic method
for study of conditioned-reflex activity, I resolved to cerry out a
whole préliminary peries of investigations in conditions of pointed,
1ingering experiments on parcotized and on normal animals and to
study bioeiectrical reactions of the cerebral cortex arising during
ite direct electrical stimulation and at stimulation of the receptors
or the corresponding nerves, These reactions have been insufficiently
studied even in conditions of ingenious experiments, end on normal
animals they have not been able to be recorded wntil very recently.
A8 to the origin and physiological importance of these reactions,
therz have been a number of hypotheses, often contradictory, It 1s
;yecessary to think that only after solving these problems will 1t be
possible to proceed to oscillographic investigation of the conditioned-
reflex activity of the cerebral cortex.

The work presented yis experimental, and little space is assigned
4o considerations not based directly on facts, “Ho goal has been set
to give & systematic literary survey of ail that has been done in
the sphere of the electrophysiology of the cerebral cortex. Special
attention has been allotted to clarification of certain complex,
debatable questions, Although each cyele of the investigations issued

from the preceding and the separate parts of the work have logical

’
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connéction with one another, it is difficult for them to appear
ueified under a common designation, In Part I the results are
presented of pointed experiments on narcotized animals, In Part
II (not in this book) the results will be presented of experiments
on normal animals,

I conelder it a pleasant duty to express profound thanks
to my instructor, Academy Member I,8. Beritashvili, for the
interest which he showed in my work and for his valusble instruction
and advice, and to Professors N.N. Dzidzishvili, A,B, Kogan, P.0.
Makarov, 8,P, Narikeehvili, and 8,N, Khechinashvili for the .valuable
eriticel comments mede by them at reading the menuscript.
Chapter I

Certain Data From the Electrophysiology of the Nervous System

L R ITE Y T Py Wy

Unich ¥ill B¢ Usad Durlmg Aualysis of the Bivelectrical Heactions
\ of the Cerebral Cortex

1, Reglonal Excitation and Local Potential’

The 8chool of Physiology, Leziingrad University, contrary to
the prevalent principle of “all or nothing", has permitted various
modifications by which the state of excitation can be expressed
(see Ukhtomskii, 1939-40), According to the concepts developed in

this school, excitation does not obligatorily make off in the form
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of & wave from the region of its origin, In certain conditions it

xﬁy keep to the place of origin for a more or less long time in the
form of a fixed, regional excitation, ready to flai‘e up in the forn
of an excitation vave (Ukhtomskii, 1927, 1932, 1939-40), TYet

@
Chagovets (1906) for purely theoretical remsons recognized the need

of a preliminary reglonel potential for the arising of spreading i
excitation, Hrlanger and Gasser in 1937 wrote that the electrotonic
potential ig a certain unique electrical phenomenon which precedes
. (at electrical irritation of a nerve) the current of spreading
excitation ("peak"),

The electrotonic potential that srises at electrical irritation
of a nerve is comnected, as supposed, with the capacitetive properties
of the fibers (Erlanger and Gasser, 1937; Hodgkin, 1938), The

electrical potential quickly (after 50 microseconds) reaches &

~ “maximum and is exponentially exziimguished,

should be added that it grows in proportion to the intensity of the

stimulating current, that at reversal of the terminsle of the
stimulating current 1t changes its sign, that temperature chenges
nerdly arfect it, and finally that it rediates with logarithmic
decrement along the nerve fibers.

The local potential of the nerve fiber was recorded in 1938

by Hodgkin, He was unable to discover the local bicelectrical

potential in the nerve as a whole because of the very strong

~ .
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polarization developed by all fibers snd masking the local responses
that arise in certain fibers at subthreshold stimilation, He
succeeded at this for isclated nerve fiber of crab, This fiber,
which hed & diemster of 25 microns, was deprived of the myelin sheath
that also had a positive side, since the polarization potential is
expressed more highly and radiates considerably further in medullated
fibers, The fiber was stretched with two pairs of forceps and placed
on three electrodes: one stimulating and two deflecting, At gradual
intensification of the irritating stimuli (the cethods on the fiber)
the following phenomena were observed,

A% very weak stimulations only polarization arose, When the
energy of the stimulatlon equaled epproximately 0.5 of the threshold
(for provocation of spreading excitation), then the potential
changed its character: the regular exponential curve wes complicated
by supplementary fluetuation; the potentisl being recorded wes &
combiﬁation of catelectrotonus and local potentisl, At subtraction
of the polarization potential from this total po%éntial, it is possible
to determine the character of the local potential: it quickly increases
(for & period of 0,27 milliseconds), then gradually dies, lasting about
1.0 millisecond (Fig., 1, textpage 6: Local potential of nerve fiver,
Bicelectricel potentlals are racorded that arise in the nerve fiber

(of crab) sround the irritating electrode; stimulating is an electrical

.
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impulse of short duration, Recordings A and B with irritability
energy of 1.5 copditional units: A is the stimlating cathode
electrode; B is the siinmlating anode electrode, Recordings ¢ and
D are with an energy of 1,0; E and ¥ are with an ensrgy of 1.0 over
a certaln time, with reduction of the excitability: I is the
irritating cathode electrode, ¥ 1s the anode, G and H are with an
energy of irritability of C.61,

In the lower illustration recordings E and F are presented in
enlarged formy the cathode polarization potential is indicated by
dotted line. The & is the curve of the local potential, obtained
after deduction of the polarization potential from the total effect
at the cathode (Hogkin, 1938).).

At intensification of irritation the local potential was
inereased and became somewhat more prolonged, i.e., the amplitude of
the local potential is m&mtedﬂ in connecticn with the chenge of

When the emplitude of the local potgntial reached 15-20
millivolts (i.e. 0.3 of the current amplitude of the Aspreading

excitation), then 1t overincreased into an excitation current

hat was expressed in the srising of a two-phase potential (k0-60

millivolts): the excitation spread along the]mer and, passing

under the first deflecting electrode, reached the second (Fig, 1).

. / Sanitized Copy Approved for Release 2010/01/11 : CIA-DP81-0104R0001015004-




" Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6

The peak at first has the same course as the local potential:
the local potential overincreases into a current of spreading excitation
usually when it reaches 1ts summit, i.e. the pesk arises approximstely
0,3 millisecond after the moment of stimulation, Thus, the latent
period of the excitation current (spreading) is determined by the tiume
that is necessary for the local potential to reach 1ts maximum, As
for the latent period of the local potential in respomse to the
electrical stimulation, it is extremely small and equals 50-80 micro-
seconds (0,05-0,08 millisecond),

The local potential spreads along the fiber for a distance
of several millimeters, It spreads further than the polarization
potential, Hodgkin assumes that the mechanism of local-response
spread (regional excitation) differs substantially from the spread
of the polarization potential (the electrotonus),

Katz was able to detect local potentisl in the fihers of whole
sclatic nervedt frog; {ts duration proved equal to-0,5-0.6 millisecond
(Ratz, 1947). ‘

Castillo and Stark (1952) on isolated motor-nerve fiber of the
sciatic nerve of frog recorded a locsl potential at subthreshold
electrical stimulations of the fiber, The period of the local potential
of the medullated fiber proved equal to 0,4-0,7 millisecond; spreeding

excltation arose at attalnment by the local potential of an amplitude

~
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equal to 1/k of the amplitude of the effective curremt, Excitability
fluctvations (“"spontaneous") were far greater than in the demyelinated

fiber, According to their data, the local potential at elecirical

stimulation of isole*sd fiber arises in the region of Ranvier's node

and is recorded Just from Renvier's node and not from the internodal
section,

Finally, local potentials were detected in myelinated fibers
of spinal-cord roots of cat (Rosenblueth and Remos, 1951). At
repeated subthreshold etimulations with the intervals between the
stimulations equal to 0,1-0,2 millisecond the phenomene were detected
of the sunmation of local potentials; during certain conditions, with
a certsin intensity of stimulation, and after a certain number of
repeated stimulations, the effective emission current arose,

a the changas of sxeitebility st
1isation to the neyrve of o

HEL TS

I At e LY mmsisea o Odges
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subthreshold shock of stimulation it wes concluded that in nerve
fibers of frog thé regional process of excitation sﬁrea&s with
deorement to a distance of up to 9 mm. from the place of stimulation
(Karaev, 1938; Fudel'-Osipova, 1953).

According to the data of Fudel'-Osipova (1953), the increased _
excitability in the nerve of frog after appucafion of subthreshold

shock of stimulation lasts 1,5-4 milliseconds, Thus, from comparison

N o
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of the data of Cestillo and Stark end of Fudel'-Osipova, it can be
concluded thet incressed excitability after subthreshold shock of
stimulation lgat,s longer then the local potential, After the phase
‘of {ncrensed excitablilty there 1s observed a short-term phase

(1.5-2,5 milliseconds) of reduced excitability; in addition, 8-10

williseconds after return of the nerve to the initial functional

state a new period of increased excitation is obgerved, This

period of increased excitability lasts 4.6 milliseconds, i.e. it

is more prolonged then the first, but, in addition to thet, the
degree of excitability increase ig considerasbly less, It should

be noted that the sequence changes of excitability in the nerve

that s-et in after the spreading excitatic% have, &g known, & definite
electrical expression in the form of sequence potentials (Vorontsov, '

19253 Frlanger and Gasser, 1937); it is still impossible at present

excitation of & nerve, likewise detected by f’udelf:@sipova, with
certain bicelectrical phenomena, since after the local potential
in the nerve fiber no sequence potentiale vere recorded,

Several hours after the operation of the fiber removal and
after lengthy experimentation with 1t, it loses the capacity to
give spreading excitation - only & local potential arises at the
time of any energles of stimulation, then the stimulation causes

only the polarization potential (custillo and Stark, 1952).

& . N
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1f the excitation spreading along & nerve reaches the parabiotic

®
part, it provokes in it regiomal excitation and the local potential

suitable to 1t; direct electrical stimulation of the pareblotic rart

also causes regional graduated excitation (Vorontsov, 1952).

2, Forms of Bioelectrical Potentials in the Central Nervous System

Slow potentials, To slow fluctuations of the bioslectrical
potential belong fluctuations of dura;biou over 10 milliseconds.,

For up to 4O years the slow fluctuations of the bioelectrical
potential in the central nervous system hes been explained usuelly
on the basis of certain electrical phenomena of the activity of the
axon, For lnmstance, the components of the complex, long-term bio-
electric reaction arising in the optic tract of the cortex at
stimulstion of the optic nerve and the positive or negative elgn of the
separate components heve been treated from the point of view of the
arrivel of the impulses along the axons 1n the deflecting pert and
the departure of the 1mpu1|es along the axons from the ares in question;
the bioelectrical potential being recorded has been coneidered the
resultent effective current of the mass of axon elements oriented in
various directions that have at each given point of the cortex a very
d4fferent source of origin (0'Leary and Bishop, 1938), Attempts to
analyze the slow biopotentials, deeming that they consisted of axonic

aetion currents emitted from the region of their srising and subordinated
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to the principle of "ell or nothing", have clashed with insurmountable

difficulties,

At the present time it dan be considered demonstrated that the
slow biopotentials do not comsist of quick axonic action currents but
represent & gpecial type of activity (Renshaw, Forbes and Morison,
1940; L1 Choh-Luh and Jasper, 1953) and that slow fluctuations of the
biopotential in the central nervous system are the sum-total expression
of elementary local potentiels, These elementary local potentials
arise in the bodles and dendrites of the nerve cells in the reglon of
the synapses under the action of the impulses of excitation of the
synaptic terminals (Beritov, 1945, 1949; Bremer, 1949),

The local potential expresses & reglomal, local ezcitation
that srises in the neuron element wunder a symapse, (Footnote: Zccles
uses the term "syneptic potentlal”. However, it should be recognized,
indeed as Beritov, that once this potential does not express the
excitation of the synapse am{ expresges regional excitatlion of the
cell, then it 1s unfitting to designate 1t & symaptic potential.

There hes remined for theﬁe potentials the designation "local potential”,
vhich will be used throughout the present work,) Reglomal excitetion

and the locel potential corresponding to it are characterlstic only to
central nerve elements as spreading excitation and the current of

action (fpeak) corresponding to it for the fibers of the peripheral
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nerve, in which, as we have seen, the regional excitation arises

only during.certain conditions of experimental reaction,

Ag was gaid, the local potentisl in the medullated fibers

lasts 0,5-0,7 millisecond and in the demyelinated 1-2 milliseconds,
In the neurons of the spinal cord the local potentials have a
considerably longer duration, From the gray matter of the spinal
cord of cat in the region of the posterior horn (segment lambdaY)
by needle electrode there were deflected, in response to threshold
stimulation of the tlbial nerve, biopotentials the shortest duration
of which equaled 12 milliseconds (Beritov, Bekuradze and Roitbek,
1948), From the anterior horn of the spinel cord of cat at stimule-
tion of the corresponding motor nerve biopotentials were deflected
with & duration of 10 milliseconds (Brocks end Eccles, 1948), The
greater 1ength‘of the slow potentials, recorded fr&m the posterior
horn, is probably sxp!uineélnqtnbg,the fact thet in the cells of

the posterior horns the local potential lsste longer than in the
motor neurons, but by the fact that at stimﬁlation_of the tibial
nerve a less synchronous discharge of impulses proceeds to the cells
of the posterior horn than to the motor neitrons in case of stimmls-
tion of the motor nerve containing fibers similar in conduction rate.,
This probably stipulated a certain tentative summetion of local
potentials in the calls of the posterior horns, vhich was expressed
in the fact that slow potentials were recorded of somewhat greater

duration, Moreover, Eccles used a more slender microelectrode, which
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also should play a definite role in the result of the experiment,

Recently there has been success in effecting intracellular
introduction of the discharge microelectrode lnto the motor neurone
of the spinal cord (Brock, Coombs, and Eecles, 1952), In response
to stimnlation of the corresponding motor nerve from the motor
neuron local potentials wére discharged with a duration of 10
nilliseconds,

Quick potentials, At the carrying off of biopotentials from
the central nerve formations quick potentiels are also recorded,
The length of their sequence is from 0,5-1,0 millisecond, but,
vhen they flow together, more prolonged fluctustions cen arise,
the complex character of which is discovered at quick survey, Quick
potentials arise at excitetion of the afferent fibers, their collatersls,
and evidently the synsptic terminals during excitation of the axons
of the intermediate and efferel}a Ee;u:gxm: They also arise during
‘the dischargs of the cells themselves (Eccles, 1953; L1 and Jasper,
1953). ‘The frequency of the quick potentisle, i.e. of the impulses
of excitation in the axon of the pyramidal cell of the cortex, can
during Btrycimine polsoning reach 560»900 per second (Adrian and
Moruzzi, 1939). ‘

Flectrical potentials arising in tl'w central nervoussystem

during regionsl excitation and during‘ spreading excitation of its

-

~ . }
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neuronic elements are not epiphenomena devold of physiological signifi-
cance, . With regard to the current of action attending the spreading
excitation, this does not require special explanations if it is assumed
that the excitation spread along the nerve fibers proceeds by means

of the current of excitation and that the tranemisslon of the excitation
from ohe neuron to ancther neuron likewlse proceeds by mesns of the

excitation currents of the synaptic formations (see Ukhtomskii, 1939-

40; Beritov, 1948; Eccles, 1946, et al.), (Footuote: For the question

of the mechanism of transmission of excitation, just now not wmuch can
be added to what Mislavskil wrote more than 50 years ago: "Fimally,

it is difficult to deny the possibility _oi’ the development of any
«hemical irritant at the point of contact of the terminal nerve
apparatus with the matter subject to exeitation, but at not baving
any factual data it 1s also difficult, if not even more difficult,

%o prove it, The hypollicwis of electrical action or discherge nhus
..for itself a more migihle backing” (Mislavskii, 1895).)

T6 local potentiale is now ascribed an extraordinary role in
the mechanism of the activity of the neuronic elements. Of course,
if the very important physiological fmportance of the biocurrent that
arigses during spreading excitstion is recognized, - then already a
priori it is necessary te recognize the physiological importance of

the blocurrent arising during regional excitation,
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At observation of the bioelectrical phenomene in the central

nervous system we run into two phenomena stipulated by the local

potentials in the neuronic elements,

When a loeal potentiel arises in the cells, then an electrotonic
reaction arises, first in those fibers which are axzons of the activated
neurons and secordly in those fibers which terminate with synapses at
these neurons, The electrotonus spreads along the fibers with decrement
and during certain conditions can be detected (from the roois of the
spinal cord) at a distance of up to 10 mn, in the form of a negative
bloelectrical potential, Thus, the local potentials of the nerve cells
can stipulate the phenomenon of the physiological electrotonus of the
nerve elements,

However, there were alsc observed electrical phenomena of another
character that did not attract to themselves special attention, namely
at the arising of regional excitation in the cell from the azon &

stered; for caample, at-stimulaticn of-the—
optic nerve a negative potential was discharged from the electrode found
in the outer genlculate body at the level of the layer of cellulsr
bodies; a positive potential at this time was discharged from the
electrode found at the level of the axons of these cells (Bishop and
0'Leary, 1943), Perhaps these electrical phenomena which we still

run into are phenomena essentimlly like secondery electrotonic changes,
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the peri-electrons (sic! -should be peri-electrotoni?) (Vvedenskid,

' 1920), (Footnote: According to the data of Beritov and Roitbak (1954),
in the electrotonic and peri-electrotonic spheres of the nerve trunk
potentials of opposite sign arise, For example, at completion of a
descending current at the cathode & negative potentisl is registered
that gradually weskens at removing the deflecting electrods from the
cathode, Fimally, st & certain distance it stops being reglstered,
If too the electrode is removed still furtber, then at completion
of the current a positive potential of considerable amplitude is
registered, and this sphere of the peri-electrotonus extends for a
considerable distance;) If this is so, then it is possible to meke
the following conclueion: local potentials arising during reglomal
excitation of nerve cells can stipulate electrotonic end peri-
electrotonic phenomena in neuronic elements,

Ts thers the possibility ©

the biopotentials to certain néuronic elements?

The first connection between the data of pscillography and the
data of morphology was established when it was successfully discovered,
on the bagis of oscillographle annlysig, that nerve trusks of different
diameter Produce at excitation biocurrents of different length end
thé’c the spread rate of these biocurrents (i.e. the excitations) is

different for fivers of different size, The quick~conduction fibers

S
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proved to be fibers of larger diameter (the A-fiber), the slow-conduction
£ibers were the thin C-fibers (Erlanger and Gasser; 19375

The establishment of & second such comnection was possible as &
result of ihvestigstions of the bloslectrical potentials of the spinel
cord.

3. Some Data of the Electrophysiology of the Spinal Cord

Cajal discovered that the posterior-root fibers are connected
with the motor neurons of the corresponding side, first immediately
through direct collaterals and secondly through intermediate neurons
(cajel, 1893a), On this basis Bekhterev concluded that, correspondingly,
the spinsl-cord reflexes can be sccomplished in a twofold way: the
nerve impulse can be transmitted directly to the motor cell of the
anterior horn or the nerve impulse be transmitted to the intermediate
neuron, vhich in its turn directly or by means of another intermediate
fevron iremsmits the impilse 4o the moter neurcn (Bekhterev, 1808),

At the begimning of this century 1t was found that coordination
of the reflexes is realized in the posterior half of the g_piml cord,
which is very complexly orgenized, and that the ‘c'ells of the posterior
horns in & number of properties, for instance in sensitivity to
gtrychnine, are distinguished from cells of the anterior horn (Beritov,
1910; see also Pavlov, 1912-13), The fine morphology of cells of the
anterior horn and of cells of the posterior horn is different: the
cells differ in size and shape, as vell as in distribution of synaptic

terminals on them (Cholokeshvill, 1953).

. , ) . ;0
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As a result of oscillographic investigations on cate, it vas
found that direct effect on the motor neuroms is realized through
the thickest (12-20 microns) and that the quick-conduction fibers
comected with the propricceptors of the muscles, i.e, direct
pos}eriof»root collateyals leading to the motor neurons, weie ghown
to have thelr origin from the proprioceptivé fibers, The intermediate
neurons engage in the action under the influence of impulses from
fibers connected with the cutensous receptors (Lloyd, 1943a, 1943b),
(Footnote: Razdol'skii in 1924, on the basis of e comparison of
the physiological characteristics of the tendon and cutaneous reflexes
from neurologicel data, came to the conclt;ision "that tendon reflezes
are realized by two-neuron veflex arcs, and that cutaneous (reflexes
are realized) by the triple cutaneous and the polyneural”.)

During the carrying off of biopotentisls from the anterior
and posterior roots of the spinal cord gray-matter potentﬂfg are
disclosed (Mislavskii, 189%), which are electrotonically carried out
along the root fibers (Barron and Matthews, 1938), For cbservation
of these blopotentiels it was most beneﬁéial to place' f.he root on
the discharge electrodss so that one discharge electrode ("active")
was in the cerebrum itself, but did not affect 1t, and the second
wag as far as possible from the brain, After Barron and Matthews

this method was used by Bonnet and Bremer (1938-1950), Beritov and

Roltbak (1947-1950), Vorontsov (1949, 1951), Becles (1946), Roitbek

(19%0), Fuortes (1951), Kostiuk (1955), and others.
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From the anterior roots, i,e, from the axons of the motor
peurons slov electrotonic potentiels are registered thai have been
stipulated by the local potentials of the motor neurons. Apparently
the electrotonic reaction of each axon is the consequence and
expression of the local potentisl, mamely of the cell from which
it took its beginning,

When the motor neurons are activated only by excitation
impulses from the direct posterior-root collaterals (for instence,
at stimilation of the muscle merve or at threshold stimulation of
& mixed nerve or of a posterior root), then the following electrical
effeét 1a registered from the anterior root: a certain time after
the stimulation artefact s quick potential arises, after which a
negative slow potential follows, The initisl quick potential is
the consequence of & relatively synchronous discherge of afferent
impulses and expresses the excitation currents of the presynaptic
fibers azzd of the sysaptic terminels of direct posterior-root
collatarais in the anterior horn, being electrotonically carrief-s
along the anterio’r-x"’ooﬂ fivers (Beritov, 1946, 1549}. The negative
slow potential expresses local potentials in motoneuronms, arising
below the‘synapseﬂ of the direct posterior-root collaterals,

A large number of synapses are on each motoneuron of the

anterior horn, After 100 of them are counted on the body of the
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motoneuron of the spinal cord of cat (Cholokashvili, 1953), Thelr
average size 1s 1 micron (Haggar and Barr, 1950), Apparently not
devoid of physiological importance is the fact that synapses are
arranged on the surface of the motoneuron in the form of separate
foci that are in their nature "the synaptic flelds" of the cell
(Zurabashvili, 1947),

Excitation of one synapse is insufficient to arouse the cell

and to be discharged to its azon, It is likewise assumed that

insufficient for this is excitation of several synapees that remain
far from one enother (Lorente de NS, 1938). Excitation of a
motoneuron and discharge to the axon proceed when afferent impulses
come simulteneously to & whole group of synapses arrangsd on the
body of the cell in a certain proximity to one another, Otherwise,
only reglonal exgitation orises in the cell, with a local potentiml
corresponding to it, as occurs in a nerve fiber st subthreshold .
stimulation (Fig. 2, textpage 13: Local potentials of motoneurons
of the spinal cord of cat, A: A microelectrode is iﬁtro@ucéd into

the anterior horn in the region of & group-of motonsurons of the

quadriceps muscle, A slow negative potentisl, 100 microvolts, 10

nilliseconds (Brooks and Eccles, 1948), is registered in respomse to
a shock of stimulation applied to the quadriceps nerve, B: Potentials

from the 8th snterior root in response to & shock of stimulation to
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the 8th posterior root. The upper curve 18 recorded on non-
narcotized animal, The second and third curves ere reéorded after
giving nembutal, 70 and 90 mg. (per kg, of welght), respectively,
C (T: B looks like a beta in Russien; the 3d letter of the alphabet,
which I here call C, locke like & capital B): The same carrying
off; non-narcotized animal; the gastrocnemlus nerve is stimulated.
The upper curve is the discharge of motoneurons, which arese 0,2
millisec, from the beginning of the development of the local potentisl,
The lower curve is the effect of the same stimulation, but at the
time of & state of inhibition of the motoneurons caused by the
preceding stimlation: only a local potential arises (Eccles, 1946).
For all illustrations stimulation artefact proceeds at first, then
fluctuation stipulated by arrival of afferent impulses proceeds at
first; after this fluctuetion the local potential arises (in pure
form or complicated by the cxcltation current of the motoneurons). )
Thus, the arising of the discharge of the neuron assumes seizure by
the excitation of a certain territory of the cell body, as f‘cr' the
arising of spreading excitation in a nerve fiber, seizure by regiomal
excitation of a certain length of the fiber is required (Rushton,
1937; Makarov, 1947).

In experiments with intracellular discharge of potentials of

the motoneurons it was ascertained that the discharge of the motoneuron
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proceeds at attainment of a critical amplitude of 10-12 millivolts (1/10
of the amplitude of the pesk potentisl of the motoneuron) by the local
potential, It was concluded that at excitation of a synaptic terminal
& local potential arises i'millivolt in mgnitude; thus, for a discharge
of the motoneuron to have s§t in, simultaneous stimulation of &

minimm of 10 synaptic terminals is required (Eccles, 1953).

A negative slov potential begins without an appreciable latent
period after the initial quick fluctuation, usually still in the
descending 1imb of the latter (for eat it begins 0.7 millisecond
after the moment of therarising of & quick fluctuation), Hence, it
is possible to conclude that the local potential of the coll arises
under the action of a blocurrent of the synaptic terminals with a
negligible latent period, as in the nerve fiber in reepons; to its
direct electrical stimulation, i.e. with the latent period messured
by fractions of & mi ond, 't mugt gearve ag one_of the
arguments In favor of the electrical theory of the transmission of
an excitation from neuron to‘neuron. . -

The discharge of the motoneuron proceeds at tﬁe eé%ainment of
a certain éritical megnitude by the local potentisl, i.e, by regional'
eicitation. The delay in the confuction of the excitation is stipulated
by this. elrcumstence and is determined by the time (2 'milliseconds

and more) which passes while the local potential that has arisen reaches
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this criticsl magnitude (Bccles, 1946). Thus, there is essentially

the sams phenomenon as in the nerve fiber, but different time relation-

ships.

As hos been said; duration of the local potential in the cells
of the spinal cord of cat equals 10 milliseconds. A biopotentisl of
greater length, of the order of 15 miliiseconds (the rising phase
lasts 2,5 milliseconds), is discharged from the anterior root, This
1% expléined by the fact thet at electrotonic "spread” of the cellular
p&tentials the duration of the potential is increased, 1ts form is
somewhat distorted (Becles, 1946), end its magnitude s sharply reduced.

When the motoneurons are stimulated, this is expressed
* oscillographically in this, that the slow potentisl is broken and &
quick biocurrent of great amplitude arises (Fig. 2). The slow potential
at the time of the discharge of the motoneurons can only‘faaken. This
needs to be understood as au expression of the fact thav exi
of only part of the activateé ﬁntoneurcns hes ptoceeded.‘hin thoée
which were not stimilated, local potentials continue to develop end
then to die out. However, excitation of the motor exons can proceed
even without the corresponding cells having been discharged: the
fibers can be excited under the stimulating influence of currents
stipulated by local cellular potentials. In this case the excitation

impulses of the motor exons arise and proceed on the background of e
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slov potentisl (Beritov and Roitvak, 197b), The anterior-root
axonic excitation currents in this case too arise at attainment
of a certain magnitude by the slow potentials and disappesr, in
comnection with prolonged stimulation, when the slow potentials
weaken to & certain magnitude, Thus, the setiing in of the anterior-
root excltation currents depends strictly on the size of the slow
potentials (Beritov end Roithak, 1950),

In the enterior roots of the cervical portion, from which
the diaphregm nerve proceeds, in comnection with each resplratory
cycle there arise s slow negative potential (electrotonic reaction)
and a group of quick (potentials), The latter without decrement
spread along the fibers of the dlaphvagm nerve, The slow negative
potential erises according to the phase of inspiration and diminishes
at the time of the expiration phege, Quick potentlals arise mainly
on the aacenéiixz 1limb of the slow pptential. jﬂe?are lacking at
time of the expiration phase (Gesell, Hunter, and Lillie, 1949),

Thus, under the influence of impulsation (sic! -impulse excitation?)

from the respivatory center there arises in themmtoneuf.ana essentlally

the same bioelectrical reaction as under the influence of the afferent
impulses., Intensified reepiratory movements ere associlated with
intensifiéd slow potentials and intensified discharges of impulses,

and, contrariwise, at weakening of the respiration owing to previous

I
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artificial hypemntilation, both components of the bioelectrical
reaction weaken, Thus, intensity of discharges srising periodically
in the diaphragm nerve under the influence of the "{mpulsation” of
the resplratory center proves dependent to a certain extent on the
intensity of the slow neégative potentials discharged from the
corresponding anterior roote,

Tt was vell known, even st the time of Bechenov, that if a
gubthreshold stimiletion of certein intensity, i.e. a stimulation
vhich does not cause reflex contraction of muscles, is applied to
a sensory nerve, then it remains without effect on the reflex center,
In experiments on cat, if within 10-15 milliseconds after the first
subthreshold shock of stimilation a second analogous stimulation is
applied, then it can cause & reflex (Creed and coworkers, 1932), The
curve of summation is identical, in form and in time relationships,
to the slow potentials discharged during.these conditicns of stimulation
from the enterior root (Lloyd, 1946), (Footnote: According to Eccles'
experiments (1946), the sumation curve in regarci to provocﬁion of
the discharge of the motoneurcns continues 10 millisecan&s, le. it
continues for as long & time s the local potential laats spontaneously
in the motoneuron (see also Kostiuk, 1953).,) Consequently, st applica-
tion %0 cne and the seme semsory nerve of two excitation discharges

with the interval such thet the second discharge of impulses reaches
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the motoneurons in the period of the regional excitation beglmning
in them; response to the second discharge is facilitated, Thus,
regional excitation of motoneurons has & relationship with the
phenomena of facilitation snd summetion, It hae a direct relation-
ship with the mechanism of tim arising ef excitation impulses, As
in the nerve fiber too, local potentials here are "forerumners” of
spreading excitation current, Oscillographic investigations have
revealed the acewracy of the theoretical conditions, according to
vhich there arises in the nerve cells regionel excitation, which
can be finely graduated according to incoming impulses and which
can flare up in the form of an excitation wave (Ukhtomskil, 1927, .
1932, 1939-40), On the other hand, the concept of the reglonal
state of the central excitation, created by Sherrington and his

school, hes received confirmation, As known, according to this

concept - the centrai state of excitation arising in the motoneuron

under the influence of the disgharée; of the stimulating afferent
impulses grows over a period of several sigmes (_TN: thousendths

of & second), reaches & meximum, and gradually weekeéns further,
1&5t1n§ generally about 20 sigmes, The discharge of the motoneuron:
proceeds then when the state of the central excitation reaches a
certain threshold mgnitude; the so-called synaptic delay is the

time which s necessary for the central state of excitation to have

v
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reached this threshold mgnitude (Creed and coworkers, 1932), As
ve see, all phenomena vwhich ere found issuing from the hypothetlcal
j.dea of the central state of excitation are explained on the besis
of this vhich vas clarified by @irect study of the local potentials.

A long (about 100 milliseconds) positive sequence potential
s recorded after a slow anterior-root potential, even if it ’(the
latter) is not complicated by quick potentials or by supplementary
negative fluctuations, At the time of this sequence potentisl &
reduction is observed of the excitability of the corresponding
motoneurons (Brooks, Downmen end Eceles, 1950), Thus, long resultant
positive potentisls arise after regional excitation of neurons and
are associated with the reduction of their excitatiom.

At intensification of the stimulation of the nerve from the
anterior root double bioelectric effects ave discharged (Fig. 3):
after the negative potential (or. discharge) already considered, &
second slow negative potentiial‘ (or discharge) follows, (Legend
to Fig. 3, textpage 17: The blopotentials of motor meurons of the
gpinal cord of cat, which first arise under the influence of impwlses
from the direct posterior-root collaterals end theﬁ under the
influence of impulses from the intermediate neurons. The potentisls
are recorded of the anterior root of the spinal cord of decerebrated

cat, that arise in response to separate stimulations of the cutansous

@

A
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nerve of the corresponding side, A - weak stimulation, B - strong
stimilation (Brooks and Fuortes, 1952),) These data vere conflrmed
by experimenfs with intracellular discharge of potentials of %he
motor neuron: & second negative flucttmtion arose at & certain force
of stimulation of the sensory nerve. At intensification of the
stimilation the latent period of its arising was shortened (Eccles,
1953). The duration and amplitude of the second slow fluctuation
were very changed, It was established that the second fluctuation
was connected with the activity of the intermediate neurons and
expresses reglonal exclitation of the motor neurons‘ arising under
the effect of impulses of excitation from azons of intermediate
neurons, Impulses from intermediste neurons fail to be registered
from the anterior root because of their asynchronous admission,
This secound negative fluctuation, which can be complicated by»
especially powerful and Preguewt biocurrents of the anterior-root
fibers, is characterized by the following properties: 1) it arises
only during good functional state of the preparation; 2) it arises
in connection with Intensification, as well as in comnection with
repetitions of the stimuli; 1t growe at repeated stimilations; 3)
during prolonged stimulation this fluctuation primarily weskens,
i.e, this effect is subject to guick exhaustion'; L) this fluctuation

and the discharges corresponding to it are extreordinarily intensified

N -
>

;
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under the effect of strychnine, whereas the first negative fluctuation
is not significantly 1ntenaiﬁed>. All these peculierities are
charactéristic to the intermediate neurons (Beritov, 1948), (¥ The
quick exhaustion of the intermediate neurons as compared with ‘.;he
motor perhaps ls dependent on the fact that the first are distinguished
by their comparatively small size, i.e, they contain & relatively
smell amount of protoplasm (Malom, 1932), There are facts indicative
thet nerve elements which contain & larger amount of the system being
excited are exhausted later (Beritov, 1932).)

When the functi:oxml state of the spinal cord is poor end when
any intensity and frequency (up to 50 a second) of stimulation is used,
only short-term slow fluctuations are recorded, expressing regiomal
excitation that arises under the effect of impulses from direct
posterior-root collaterals (Beritov and Boitbak, 1947b; Eecles, 1946),
In the intermediate neurons at this time under the influence of the
afferent impulses there also arise only a regional excitation, local
potentials which cen be detected at discharge of potentifls from the
posterior roots,

At discharge of potentisls from the posterlior roots, two
ineidents are distinguished: discharge from intact root end from
the central end of sectloned yoot, In the first came at stimulation

of the corresponding nerve at first a quick bioelectrical component
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is registered, comnected with the afferent impulses that proceed
along the root in question; after it follows a slow potentlal
connected with activation of the gray matter of the posterior half
of the cerebrum, The initisl quick component of the bioelectrical
reaction was confirmed by & special study of Beritov and Roitbak
(1947a) end then by Lloyd (1949). It proved very complex in
character: 1o the blocurrents of the afferent impulses proceeding
under a pair of discharging electybies 1s added a series of "quick
biopotentials; it was found that the latter are carried out from
the cerebrum and discharge the excitation biocurrents of the
collaterals of the afferent fibers and of their synaptic terminals
(Beritov and Roitbak, 1947a).

It is known that the slow potential discharged from the
posterior root is an electrotonic reaction wiich arises ;zs the
result of arrival in the spinsl cord of a discharge of afferent
impulees, slow potentials identical in character being registered
both from the root along which these potentials reached the brain
and from adjecent roots, Since the work of Eccles and Héléolm
(1946) and Beritov amd Roltbak (1947-1950) it has been possible
to consider most probable that the slow posterior-root potentiél
arises because of activation of the neurons at which the fibers of
the stimnlated root terminate, (In the opinion of certain investigators

(Barron end Metthews, 1938; Lloyd, 1949; and Vorontsov, 1955) slow

Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6




B Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 [

=32

posterior-root potentials discharge ﬁhe excitatlion of the presymaptic
fivers and/or synaptic terminals, ¥or criticism of this idea see

 Bocles (1950).) Activation of the neurons, the arising of reglonal
excitation (of local poténtials) in them, stipulates electrotonic

reaction of the posterior~root fibers, When undef the action of

afferent impulses in the body or in the dendrite of a given neuron

8 local potentlel arises, this leads to the establishment of a variety

of potentials, to the arising of an electrical current, and to electrontonus
in those fibers which terminate with synapses at the neuron in question;
electrotonic reaction arises both in the fiber which was excited before
this and in that which was not in an active state, Thus ’ slow posterior-
root potentials ere e composite expression of a mt number ef local
potentials arising in the intermedimte neurons of tl;e posterior half of
the brain, the slow potential, discharged from fhs root, expresses local
potentinls namely of those elements at which the fibers of the rcot in

question terminate,

!‘hus', we can Judge indirectly about the excitation of the
intermediate neurons and about the impulses proceediné i;fom thew,
through the anterior-root effects (supplementary negative fluctuation,
supplementary discharge). We cen judge concerning reglomal excitation
of intermediate neurons directly on the hasis of posterior-root slow

potentials,

~
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Through the works of Beritov and Roitbek (1948, Figs. ho-h2)
it is known that, to begin with, from the anterior reots powerful
slow potentials gan be discharged and at this time from the posterior
there are virtually no bloslectrical reactions., It is possible to
observe this at stimulation of the humeral nerve in frog, The axons
of the intermediste neurons of the humeral region of the epinal
cord, which are thereby being excited, terminate in the lumber region
directly on elemsnte of the snterior horms, In the second place,
from the posterior roots slow potentials can be registered of very
great amplitude and length, and at this time from the anteri_.or roots
only veak, short-term potentials can be registered arising under
the effect of impulses from the direct posterior-root collaterals,
This is observed during strong stimulations of the sensory nerve when
the functional state of the preparation is poor, On the basis of
these facts, as well as on the’basis of lack of parallelism in regard

to the intensity and temporal sourse of the potentisls of the posterior

and anterior roots, it was concluded that the sources of thelr origin

1) disclosed similar fects end
came to an analogous conc).ueion.) However, these facts indicate that
cerebral biocurrents do not spread diffusely along the spimal cord
and that within the brein electrotonic distribution 7too of biocurrents

along the fibers 1s possible only for relatively smell distances.

|

et
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This latter conclusion requires explanations. That electrotonic
distribution of the currents within the brain is possible for short
distances demonsirates the fact of the arising of an electrotonic
reaction in the anterior and posterior roots: well then, the
anterior~ and the posterior~root fibers»proceed 8 certain distance
within the brain from the cells to the exit from the brain (or,
contrarivise, from the entry into the brain to thé place of
termination at the cells), The fact that the slow potentiels
discharged from the anterior root at stimulation of the humeral
nerve are not registersd from the corresponding posterior one shows
that within the brain along the direct posterior-root collaterals
(which terminate on the motor neurons) electrotonic apread of the
potentials occurs with such decrement thatb tﬁey‘ do not resch the
plaée of entry of the posterior-root fibers into the brain, As
said, powerful slow posterior-Toot potentials do not register from
the anterior foots. This shows that the electrotonus camnot spread
along the azons of the intermediete neurons bec:sxge , otherwise, it

would be detected in the anterior roots (as the afferent impulse

is detected that arrives at the motor neurons through direct collatersls),

—

Apparently a blopotential arising in the merve cell cen be
detected only at a slight distance from it, Supportive of this concept

too 18 the fact that the amplitude of the locel potentlal of the motor
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neuron at intracellular discharge equals 10 millivolts and at extra-

cellular discharge from the nueleus of motor neurons 100 microvolts

(Fig, 2,4), l.e. in & 100 times lesser megnitude,
h, Concerning Long Nonfluctuating Bicelectrical Potentials

As far back as in early investigstions of the biocelectrical
phsn§mena of the central nervous system, carried out with the aid
of a galvanometer, similer potentials were reported, Mislavskii
(1894, 1900), at the discharging of current from the posterior
roots of the spinal cord of frog observed long nonfluctuating
biocurrents during tetanlc irritation of the sciatic nerve and
at adequate stimulations of the ekin, .

Delov and Lepitskii recorded during discharge of currents
from the spinal cord (1 electrode on the surface of the lumbar part
of the apﬁml cord, 2 on a crosswise section) the following phenomena:
quick fluctuations following éhe rhythm of stimulation of the sciatic
nerve up to 100 per second, were placed on a background of a slow
nonfluctuating potential, the amplitude of which’wiis increased with
incresge of frequency of stimulation up to 100 & second and reached
1 millivolt (Delov and Lapitekii, 1935). In Fig, 4, D is presented
the osclllographic recording of ainonfluctuating biépétentinl,
registered from the posterior root during tetenic stimulation of the

sciatic nerve,
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(Legend to Fig. h,Atextpege 20: * Long nonfluctuating potentials
generated by neurome of the posterior half of the spinal cord during
tetanic sfimu].aticn of the sensory nerves, Curarized frog :ith spinal
cord revealed and circulation undisturbed., 12°C, Potentials are
discharged from the 9th posterior root at a distance of 1 mm, from
the brain. Direct-current booster, Recording by string =~ |}
oscillograph, A - the trifaclal nerve of the opposite side is
stimulated; frequency of stimulation 10 per second, B - frequency
of stimulation 100 per second, C ~the sciatic nerve of the corresponding
side is stimulated; frequency of stimulation 10 per second; the beginning-
end end of brief stimulation, D - frequency of stfmulation 100 per
second; beginning end end of brief stimulation, Time marks for 10
milliseconds, (Roitbak, 1950),)

During tetanic irritetions of the sensory nerves or of the
posterior roots, as well as during adequate stimulations, for .instence,
of thf muscle receptors a long monfluctuating potential is registered
from the anterior roots (Barron and Matthews, 1938). In Fig., 5 ere
presented recordings of the bioelectrical reaction of the anterior
root of strychninized preparation of frog in response to tetanic
stimulation of the sciatic nerve, As seen, a nonfluctusting potential
arises, on the background of which the fluctuations are arranged

according to the rhythm of the stimulation, At cessation of stimulation
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the potentisl gradually weakens, but even after 4 seconds does mot
reach the abscissa, It 1s certainly sustained by "impulsation” from
the intermediate neurons, There is aftereffect too in regerd to
quick fluetvations (Beritov, Kvavi}ashvil‘i , and Roitbak, 1950).

An analogous recordiné vas made by Fuortes (19%51).

Thus, the central ixewve elements at axrival of frequent
impulses of excitation to them generete long nonfluctuating potentials
that certainly reflect the nonfluctuating state of the regional
excitation,

(Legend to Fig., 5, textpage 21: Prolonged nonfluctuating
potential generated by motoneuroms of the spinal cord, Spinal
strychninized preparation of frog, 10°C. Potentials are discharged
from the 9th anterior root at a distance of 3 mm, from the brain,
Constant~current booster. Recording by !string oscillograph., The
scistic nerve of the corretspm'xd:!.'%r gide is ﬁtimulated; frequency of
stimilation 40 per second. A - beginning of stimilation, B - end

R -
of stimulation and aftereffect, £ - length of aftereffect 1 second

after recording of B, Becording of D was made 3 seconds after C

(Beritov, Kvavilashvili and Roitbek, 1950).)
At stimulation of the brench of the trifacial nerve in frog
from the posterior roots of the épinal cord are recorded considerable

slov potentials, At & stimulation frequemcy of 10-100 per second

- - . , .
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the potential acquires a nonfluctuating character (rig. 4, A and B),

Thus, 'exci‘oation impulses come from the cerebrum to the spinal inter-
mediate neurons in the cord, beceuse of which en electrotonic reaction
arises in those fibers of the posterior root that form & synapse with
these neurons. Stimulation of the trifaciel nerve usually does not
cause considerable bicelectrical reaction of the anterior root even
after strychnime polsoning of the spinal cord when stimulation of

the peroneal nerve causes most intense convulsive anterior-root
discharges (Roitbak, 1950). It would be possible to think that
impulses proceeding along the descending courses at stimulation of

the trifacial perve are subthreshold for the intermediate neurons,

for instance, because of the fact that the corresponding synapses

arve placed at a greater distance from one another, But ’then sumation
phenomena yould be expected at a conbination of stimilations of the
trigeminal nerve and of -the peronsel nerve. On the contréry, it
appears; 1if the peronesl nerve is stﬁﬁﬁed on & background of
tetanic stimulation of the trigeminal nerve, ca\;sing a non;’luctuating
posterfor root potential, then the reflex from stimulation of the
peroneal nerve proves delayed. Thus, stimulation of the trifacial
nerve, cavsing & slow potential in the character of & single bio-
electrical reaction in the spinal cord, generated by the neurons of

the posterior half of the spinal cord, stipulates inhibition of the

B
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reflex activity of the spimal cord (Roitbak, 1950a),

The concept of the causal connection of the central inhibition
with the slow bioelectrical potentials ‘hag been expressed by & number
of physiologists (sge Beritov, 1948), EHowever, 1‘51 is interesting
thet 1t 1s possible to reach this conclusion on the ‘basis of the
date obtained by Sechenov (1882), Sechenov in his outstanding
investigation of electrical phenonene in the medulls oblongats
ascertained that tetanization of sensory nerves leads to inhibition
of "spontaneous” discharges in the medulla oblongata, The following
from the phenomena described by him deserves special attention,

Tetanlc stimletion of a nerve leads to "deviation of the megnet, so
that it remains diverted to the negative side ever during further
tetanization”, 1.e, in the medulla oblongata & nonfluctuating potential
&rises and inhibition thereby occurs of the "spontaneous” discharges,
In this work of 8echenov, devoted to the study ‘of inhibition on-the
basis of galvanie phenomena, we first find indication of the comnection
between the inhibition and the nonfluctuating lung_bioelectrical, ‘
potential, to which none of his conmentetors has turned his attention,

In experiments with intracellular discharge of biopotentials
of motoneurons it was established that when inhibition of afferent
impulses comes to a motonguron, then a positive potential is registered
from 1ts body (Brock and coworkers, 1952; Bocles, 1952, 1953). (Pootnote:
See Roltbak, 1955, Kostiuk, 1955, and Motsnyi, 1955, on the question of

the electrical phenomena of the inhibition process, )
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Thus, during analysis of the bioelectrical potentials of the
spinal cord it proved possible to explain their physiologieal
mpcrtanc;e and to link certain components of these potentials with
the activity of certain morphological formations, ' For instance,
we savw 3 components of the anterior-root xiot@ntials successfully
referred to the activity of the posterior-root collatersls » motor
neurons, and intermediate neurcus,

It is an incomparably more complex matter then the inter-
pretation of the bioelectrical potentials of the cerebrai cortex
at an attempt to refer these or other components of the biocelectrical
reactions ;)f the cortex to the activity of certain neuronic elements
of the cortex, of that portion of the centrsl nervous system which
15 most complex in organization, ‘However, only by proceeding in such
& way can the origin and importance be explained of the biocelectrical
reactions of the cortex and, likewise, can the electrographic method
be used for study of the physiologicel process:aa and phenomena of
the cortex, On the other hand, at solving thig problem it also
becomes possible to refer these very prdcesses and phenomens to -
certain morphological bases and then, to use Pavlov's expression,
the dynamic phenomens that break owt in the cortex can be coordinated
to the very fine details of the construction of the apparatus (Pavlov,
1932), It s impossible not to agree with Pavlov in this, that

during a study of the coxtical activity only those concepts which
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ere characterized s spatial concepts have 1ikelihood of mestering

the subject (Pavlov, 1912, 1913).

Chapter II

ﬁioelectrical Potentials Arising in the Cerebral Cortex During

Direct Electrical Stimulation of 1ts Surfaée

The cerebrum differs from the spinal cord by, among other things,
the fact (and this bas drewn the attention already of the first investi-
gators of the electrical phenomena of the central nervous systen) that
during the absence of special stimulations and during deliberate
exclusion of externsl stimulations from the cerebrum and from the
cerebral cortex, in particular, certain electrical fluctuations are
discharged, FEvidently the so-called "gpontaneous” elecf.rical activity
of the cerebrum iz a consequence and an expression of the greater
excltability of its uerve elements, in comparison vith the spinal
neurcns, Apperently various negligible externel and internal stimula-
tions are capable of causing excitation of the :iéurens that compose
the nerve centers of the cerebrum, ‘i'his ghould particuiarly be
referred to cortical neurons possessing highest excitability, We
shall come back to this question again,

As for the specially provoked bicelectrical reéctions of the

cerebral cortex, this question too comprises the main content of the

/

/ s N
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present investigation, The following are experimental possibilities
for excitation of the corticel neurons by means of nerve impulses
the source of which cen be determined,

a) Excitation of afferent systems of the cortex by adequate
stimnlations of the receptors or by electrical stimulation of the
corresponding sensory nerves,

b) Excitation of the system of callosal fibers by electrical
stimulation of the cortex of the opposite hemisphere or of the corpus

callosum itself, It should be noted that Danilevskii was the first

to observe bicelectrical reactions in the cortex at stimulation of
the cortex of the opposite hemisphere (1891).

¢) Excitation of the system of fibers in layer I of the cortex
by direct electricel stimulation of the surface of the cortex,

d) Finelly, it is possible to send entidromically excitation
impulses into the pyramidal neurons of the cortex during stimulation
of the pyramidal trects (Woolsey and Chang, 1947),

The first two possibilities were used during & study of electrical
phenomena in the cortex even in ‘the last century and at the begimning
of this century, With the development of an osciilographic technique
quite & large number of similar investigations appea%ed (see Chapter IV),

In world literature until recently there were only 2 articles

relative to the bloelectrical reactions of the cerebral cortex that set
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in at the time of direct electrical btimulation of its surface. The
firet such investigation was made by Adrian (1936), Some additional
facts were reported in Rosenblueth and Cennon's work (1942), In

' 1950 I presented a paper at a session of the Georglan Physiological
Society on & method I had worked out for the sgt—up of such sxperiments
and on the characteristics and source of cortical bioelectrical
potentiels that arise at direct stimulation of the surface of the
cortex (Roitbak, 1950b), In 1951 Chang, having used a similer method
(which he described in detail and does not substentiate), published
a number of facts aunalogous to those on which I reported, Recently
articles have appeered of Burns (1951) and of Bishop (Bishop and Clare,
1953), testifying to the fact that this subject had attracted the attention
of a number of English and Americsn electrophysiologistas,

Certainly the method of stimulation of the cerebral cortex by
means of electrodes Set on its surface has many deficiencies, First of
all, 1t is quite far frbm natural copditions of its stimulation; then,
at electrical stimulation of the cortical surface, simultaneous
excitation certainly occurs of many neuronal elements which are not
excited simultansously during normal activity of the cortex, Thus,
1t is possible to think that the bivelectrical reactions thereby
registered do not reflect normal activity of the cortical elements,

However, it is demonstrated that this method gives an opportunity for
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the clarification of certain quéstiona of the physiology of the cerebral
cortex, There is nothing unexpected in this, because with the aid of
the method of the electrical stimulation many important facts have been
obtained which have not lost their significance (Fritsch and Hitzig,
1870; Vvedenskii, 1897; Ukhtomskii, 1911, et el,)., By the way, to
Pavlov belonge the ideas of studying the action of direct electrical
stimlatlon of the various points of the surface of the cortex for
effects of conditional stimilants (1926).

A description will be given further on of the numerous
axperiments with electrical stimulation of the cerebral cortex and
of the registration of the bioslectrical potentiels thereby erising,
beginning with comparatively simple experiments and ending with those
quite complex in set-up and results,

The experiments were made on cats under nembutal narcosis
(25-40 mg, per kg, of veight). - The operation consisted of exposing
the larger (cerebral) hemiépheres of the brain; the dura mater was
removed directly before beginning the cxperimenté. The temperature
of the surrounding air was 30-33°C,

Electrodes, Steel or silver needles served ag stimulating
electrodes, For discharge of the biopotentials from the cortical
surfece silver ones served for electrodes, For discharge from the

various layers of the cortex in the first experiments steel needles N
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sealed with lacquer to the tip, vere used, In subsequent experiments
discharge was effected with thin electrodes made of éealed constantan |
(a nickel-copper alloy) vire, about 80 microns in diameter, Discharge
electrodes were fixed with microscrews to the cranium,

In experiments in which simult&éneous dlscharge of the biopotentials
from two points of the surface of the cortex was required a special
electrode holder was used, which presented a plate of plexiglass T x
8 cm, in size, Into the plexiglass plate 49 openings were drilled with
thread (of screw), After fastening this plate in the holder, screved
to the frontal bone, the discharging and stimulating electrodes were
screved into the openings found over the points of the cortex involved,
The electrodes were installed in the following way: to the silver wire
with & thickened part of the end wes soldered a flexible isolated
conducting wire on which are wound several loops of isolation tape,

The electrode was inserted into a metallic tube with thread (of screv),
vhich was screwed into the opening in the plexiglass, With the help

of the electrede holder des}cribed it was possible to arrange quickly

and vith great acewracy seversl stimilating snd discharge electrodes

over the surface of the brain, (Footnote: Recently Dewson (1954b)
published a description of the electrode holder with electrodes extremely
similar to those designed by me (in 1950),)

Location of electrodes in experiments with sinking of the electrodes
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into the brain wes determined by movement of the microscrev, Moreover,

in & number of ex’perimepta the discharge electrodes wére coupled 80

that the tip of the first came within 0,4-1,5 mm, of the end of the
second, When at rotation of the microscrew this electrode was found
on the surface of the brain, the first entered into the brain to a
preoisely determine}l depth, In & number of cases histological
investigation was mede of ' this part of the cortex into which the
electrodes were driven, In preparations madz by Nissl's method it
was possible to find the track left by the electrode. (Footnotes
Histological investigations were made by 5. Beritashvili, )

Stimulation of the cortex was effected by bipolar electrodes
with 1.5 m, interpolar distence, The irritating stimuli lasted 0.2
or 0.5 millisecond, A stimulus that lasted 0,2 millisecond reached
s height of 5% after 20 microseconds and the apex after 60 micro-

seconds. At frequency increase of the stimulation to 100 per second,

not altered.

The bipolar method of stimilation was selected as 8 result
of the folloving, During wipolsr stimlation uder the electrode
located on the surface of the cortex there is a thick field penetrating
the cortex perpendiculerly vith a compact conme of electrical lines
into which the desp layers fall, At bipolar stimilation the field
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ig far more compact in the reglon‘of the surface layers (Dusser de

Barenn, 1934b). Thus, if the objective is to stimulate the elements
of the deep layers, then it is more advantageous to choose unipolar
stimulation (as was done in the experiments of Dusser de Barenn and
Adrian), If the objective to be pursued is to stimlate surface
layers as isolated as possible, then it is more advantagsous to use
bipolar stimulation.

In the conditions of my experiments one-minute stimuletion of
the surface layers by stimili 0.2 millisecond in length st & voltage
of 30 volts and a frequency of 70 per second did not cause any
appreciable irreversible morphological changes of the neuron elements of
the stimulated portion of the cortex (8, Beritashvili, 1952).

Discharge was "unipolar”, A thick needle inserted into ‘the
bone over the frontal air-sinus served as indifferent electrode. As
will be demonstrated, with such a mathod of discharge the difference
of potentisls ti:at 1; regiatez;d 15 stipulated by the neuron elemsnts
placed in direct proximity to the "active" electrode (see Renshaw,
Forbes and Morison, 1940; Kornmiller and Schaeder, 1938}‘ Qiahop, 1950).
The preparation wvas grounded; the geounding of the preparation did
not reflect appreciably on the chaructex; of the bioelbotriéal effects
being registered (see Gardner and Morin, 1953).

Intensification and registration, The blopotentisls vere
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intengified by boosters of alternating current with balenced entry,

i.e, very prolonged elactrical fluctustions, if they arise in the

cortex, could not be recorded am\/or distorted (see Kogen, 19493

Beritov, Kvavilashvill and Roitbak, 1950). Recordings vere mde

vith a two-ray cathode oscillograph, A serdes of experiments were

made with the use of a booster with a very great time cons¥ent,
A three-ray string oseillograph served for recording.
A deseription of the apparatus used, the schemes and charac-

teristics of the boosters of the alternating and direct current, the

deficia;wies of the booster apparatus, the possible sources of errors,
the capscity for photorecording end for the marking of time, the
schemes of the relazation gtimuli, the genmeral schemes of the layout
of apparatuses, etc, - all these are given in detail in the published
papers of Kvavilashvili (1945, 1950) and in Beritov, Kvevilashvili,
and Roitbak's articls {1950); so I do not think 1t necessary to clte
these data in the present work.

Scheme of sbimulation end discherge, With the usual layout of
the stimulating and discharging electrodes on the cortex, stimulation
by even the veskest currents causes "ariving in" (or "stopping up”)
of stimilus: the lamp is locked, i.e. the kcolosaa/l voltage that
arises because of the polarization of the tissue falls on the mantle

(of the lamp). Polarization currents, that of one direction being

i
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under one pole and that of the other being under the other pole, arise
around the poles of the stimulating peir for a lerge territory, Their
amplitude and length are so considerable that if the oscillograph too
is not stopped up, then they cover up the biological effect,

One might think that on the cortical surface points could be
found in which the catelectrotonus and anelectrotonus‘neutmlize one
another, as in the nerve there is a portion indifferent in regard to
the electrotonus between the C and A direct current, Actually this
can be discovered from the stert on brain treated with formalin.

On living brain the problem proved more difficult because of the
complex and variable conditions of moisture, blood supply, and other
conditions affecting the character of the shumting of the current.

When the discharge electrode lies on the cortex at an equal

distance from each of the tWo stimilating electrodes, then at switching
on the stimilating eurrent the booster usuelly is not shut off and

in response to the stixinlating certain electrical potentials are
registered thet change their character at boosting and increasing the
frequency of the stimulation end at changing the direction of the

stimilating current,

In Fig., 6 ave presented a series of oscillograms showing the

results of such experiments, The stimulation and discharge electrodes

are placed on the sigmoid convolution; the distance from the discharge

~

m Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6



Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6

»50-

electrode to each of the two stimulating electrodes equals 1.5 mm.
With an intensity of stimilation of 2 volis end & frequency of 12 per
second the following effect is registered (osc, A); after a quick
variation of the ray, which is caipsed by the ‘s’cimulating irpulse
1tgelf, & slow potential follows, which quickly reaches & meximum
and then almost exponentially dles out, At 4 volts {osc, B) the
amplitude of the potential is increased; its cheracter remains the
same, This potential expresses itself mainly by a polarization of
the cortex, The discharge electrode in the case in question wes
found under the dominant influence of the cathode, i.e. 1t recorded
the catelectrotonus, The fact that this is meinly the polarization
potential is demonstrated by the fact that at chenge of direction
of the stimulating current the potentiql changes ite direction
(osc. Bl) , but with this the @s@lgte symuetry of the polarization
potentials of the opposite aign, so characteristic at polarization
of the nerve fiber or of the nerve trunk, is lacking,

At boosting the stimnlation to 8 volts (ese, €) an additional
potential, /:i'oered polarization potential appears: superimposed on
the catelactrotonus is a double fluctuetion, owing to which the total
length of the electrical potentisl is increased, At change of
direction of the stimulation current {osc, Cl) the anelectrotonus

which arises also is represented by a potential, the direction of

"

p
. Ve
Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6




) anitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 |
- I P

~51=

r

which 1s the seme as with the catelectrotonus. Thug, the additional

potential that appears at & certain intensity of stimulation, super-
{mposed on the polarization potentisl, in distinction from the latter

doss not change its sign at chenge of direction of the stimulating

®

current,

At incremsing the frequency of the stimulation to 25 & second,

the chsracter of the potentials is changed by the courge of the
stimulation: the supplementary potential considered gradually weekens
and then disappears; the polarization potential 1s left in pure form
(osc, D and Dl). mus, the additional potential 1s a bioelectrical
reaction. It is possible to Jjudge its form, amplitude, and length if
the polarization poteﬁtial 1s deducted from the overall potential
(viopotential + polarization potential). The character of the latter

e

(at & given intenaity of stimlation) can be concluded through ‘the

potential which remains atter prolonged stimulation of relatively

high frequency when the biopotential cesses to be provoked, evidently
from exhsustion of the nerve elements.

At increase of the diﬁtanqe between the discharging and stimulating
electrodes the amplitude of the potentials being reglstered, both the
polarization and the biopotential, is reduced, For instance, in Fig, 6,
E, potentisle are shown discharged at intense stimulation at a distance

of 8 m, from the point stimilated (the discharging electrode in this
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“case wag in the reglon of enother (cerebral) convolution).

(iegend to Pig, 6, textpage 28: (TN: Here, as in the preceding
paragraphs ,\VI have used the English alphabetical sequence from A-F for
the {1lustration vhich thus read dowmvard from left to right: A, B;
By, C; Gy, D; Dy, Ij end 7.) Polarization and local potentisls which
arise at electrical stimulation of the cortical surface, Cat No. 7,

July 4, 1949, Deep nembutal narcosis, Stimulating (Ag-AgCl) and

discharging electrodes were placed on the surface of the gyrus
signoideus post, Distance between them equaled 1.,‘5 m, A is an
intensity of 2~volt stimulation, B is of L volts, By is of k4 volts
and the other directicn of the stimulating current. C is of 8 volts.
Cy 18 of 8 volts and the other direction of the stimulating current,
D 1s the beginning of frequent stimulation (25 per second), 16 volts.

Dy ig 1 minute after stimilation. E i1s the discharge electrode placed

on the gyrus suprasylvius at & distance of 8 mm, from the stimulating

eleehjodes 5 the intensity of the stimulstion 1s 16 volts., All these
experiments were made without the uge of a ccmpéneator, ¥ are the
polarization potentials balanced by means of 2 compensator, The
biopotentials are dlscharged from 2 point 4 mm, distant from the stimula-
“tion electrodes; stimilation intensity 8 volts, Oscillation upward
denotes negativity under the active electrode. Voltage end time

designated for these illustrations: 1 millivolt and 20 milliseconds.)
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The recording illustrations shown are essentially like those
vhich were given in works devoted to recording locel potentials in
a nerve fiber (Hodgkin, 1938) and in the nerve trunk (Retz, 1947),
However, certainly the conditions of polarizgtion in the brain are
incomparably more complex, but larising 8t direct stimuletion of the
brain the biopotentials do not have their origin in the nerve fibers
of layer I because their length is very great as compared with the"
length of the local potential in the nerve fibers,

As geen from the recordings presented and as other such
endeavors have shown, it is very difficult to record a biopotential
in pure form when the "neutral” point is found by transposing the
electrode from place to place, Usually it fails to be rid of a
considerable residue of umbalanced polarizetion potential, The
glectrical intermediate (neutrel) point far from alwsys coincides
with the geometrie; and complete compensation hes succeeded in being
reached by means of a compensator, In Fig. 7 is presented the scheme
of stimulation and discharge used in the present -investigation,.

(Fig. T, textpege 30: Scheme of experiment set-up fc;r régistration

of bioelectrical potentials arising in the neuron elements of the

cortex at its direct elsctrical stimulation, Ct. = (our St.) stimulator,)
In Pig. 6, F, are shown biopotentials not altered by polarization,

vhich were discharged at a distance of 4 mm, from the stimiating
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electrodes, Btimulation and discharge were carried out according ﬁo
the above-mentionsd scheme,
1. Negative Potentiels

At stimalation of the surface of the cerebral cortex of deeply
narcotized cat with electrical stimuli 0,2 millisecond in length and
at a distance of several millimeters in circumference from the point
of stimilation it is possible to register the bloelectrical potentials,
Comparatively intense stimulations must be uged for their provocation:
the threshold of provocation of a bicpotential with the stimulation
conditicns in question usually, equels 341& volts. (Footnote: With the
length of the irritating stimuli at 0.5 nillisecond the threshold can’
be lowered to 1 volt,) The threshold of stimulstion of the sclatic
nerve for provocation of the cortical biocelectrical reaction is usually
less than 1 volt, Perheps this is explained by the fact that the nerve‘
is stimilated at an interpoler distance equal to several millimsters,
and the brain was stimulated at an interpolar distance of 1.5 mm, In
special experiments with stimulation of the narve-mﬁscle preparation
of ﬁ-cg 1t was shown that at reducing the interpolar distance below:3 mm.
the thresholds of stimulation are increased because of the shunting effect
of the tissue fluld or of the physiological solution between the elestrodes
(Beritov, 1930). s necessary to think that high thresholds of

provocation of the cortical bloelectrical reaction are connected vith
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the shunting of the stimulation current, On the other hand, there
evidently also occurs a shunting of the answering biocurrent (Bishop
and Clgre, 1953)., Technical difficulty in recording the biopotentiale
of the cortex in answer to ite direct stimulation, of which we spoke
above, was aggravated by this circumstence, i.e, by the necessity

of using intense stimulations (up to 30 volts).

The effect of a single stimulation, With deep narcosis one

shock of stimulation or the first shock of rhythmical stimulation
causes 8 negative slow fluctuation of the bicelsctrical potential;
after the negative fluctuation a weak positive one may follow,
Minime) length of a negative potentiel equals 10 milliseconds (Fig.
8, textpage 31: Bloelectrical potentials registered from the cortical
surface near the polnt stimilsted, Cat No, 10, Oct, ok, 19k9,
Nembutal, Discharge and stimlating electrodes are arranged on the
suxface of the gyrus suprasylvius; the discharge electrode is found
at a distance of 1.5 mm, from the stimulating electrodes,  The
intensity of the stimulation is 30 volts (the threshold 8 volts),

The effect of the first two shocks of stimulation witl; & frequency
of 16 volts (per) second (see Fig. 12, B), The first shack of
stimulation ewuses a simple negative potential with a length of
spproximately 10 milliseconds; the second shock causes & more complex

effect: & series of additiensl negative fluctuations arise,Adesignated

s - - . y B ,
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by arrows (2,3). Conditions: 0.5 millivolt, 5 milliseconds grephically
“indicated,). The potential quickly, sfter 2 williseconds, reaches its
pesk and then falls, TIts amplitude depends on the functionsl state of
{he cortex end can reach 1-1,3 millivolts, During deep nercosis these
potentials are registered at a distance no greater than 5-8 mm,, the
amplitude of the potentials being registersd graduslly diminishing

(Fig, 11) stmoving the discharging electrode away from the stimulating
electrodes,

The following circumstances show that these potentials are
biologleal potentials stipulated by the setivity of the cortical
elements, end not the polarizetion ones.

1) At shifting the direction of the gstimulating current the
cheracter of the effect is not changed.

2) During deep narcosis potentisls are not reglstered from
other convolutions (of the brt;in) even at a most proximel distance
from the part being stimulated (Fig. 6). These two circumstances
were alrsady indicated by Adrian (1936).

3) They cease to be provoked 15-60 seconds after the heert
hes stopped. Chang (1951) demonstrated that during anoxia, which
wag caused by the enimel's having breathed pure nitrogen, they
diseppear after 1.5 minutes,.

L) At reduoing the temperature of the cortex below 28°¢, and

N
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at increasing it above 40°C, their amplitude 1s reduced; they cease
to arise vith the temperature below 22°C, and above 50°C, (Chang,
1952).

5) They are 1nteﬁsif1ed during local strychnine poigoning (&
0.1% solution) of the cortex under the discharging electrode (rig, 10,
textpage 33: Changes of the bioelectrical potentials provoked by
stimu’laﬂon‘ of the cortex after local strychnine poisoning of the
cortex under the discharge electrode, Cat No, 35, Nov. 13, 1930,
Continuetion of experiments carried out in preceding illustration.
Stimuletion and discharge electrodes were changed to another erea
of the gyrus suprasilvius, Distancs (vetween stimulating electrodes
and discharging electrode) = 6 mm, A is the effect of 30-volt
stimulation, 10 per second before poisoning, After this, strychnine
(0.5% solution) was applied to the brain under the discharge electrode;
the poison was removed after £ minutes, B is the effect of the same
stimilation 3 minutes after the moment of poisoning, ¢ is after L1
ninutes, and D is after 20 minutes, After this, strychnine {0,5%
golution) was applied to the brain under the stimilation electrodes;
the polson lay there for 2 minutes, B is the effect of the sane
stimulation (30 volts, 10 per second) 3 minutes after poisoning, T
is after 40 minutes, Conditions indicated in illustrations: 20

n{lliseconds, 0,6 millivolt. (TN: As before, in translation the

k\
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deslgnations are interpreted with English alphsbetical sequence; thus
by lin:a: A; B; Cand D; E and F.))

) They often cease to be provoked during local polsoning of
the cortex under the discharge electrode or under the stimulation
olectrodes by & concentrated solution of strychnine, and these
distiurbances are reversible (Fig. 9, textpage 32: Changes of blo-
electricel potentials proveked by electrical stimuletion of the
cortex in consequence of local strychnine polsoning of the stimulated
part of the cortex, Cat No, 35, Nov, 13, 1950. A and B are of the
gyrus suprasylvius of the 1eft hemisphere, Distance between stimu-
1ation electrodes and discharge electrode is 6 mn, A is the effect
of stimlation with a frequency of 5 per second (30 volts) prior

to poisoning, After this, a ball of cotton sosked in e saturated

solution of strychmine nitrate was applied to the brein under the

stimulating electrodes, The gtrychnine was removed after 1.5 minutes,
the brain was dried at this place and washed with physiological
solution, end the stimulation electrodes vn;re placed at the previous
site, B is the effect of the same stimulation 2 minutes aftgr applica~
tion of strychnine to the cerebrum under the stimulation electrodes.
The effects were reduced 30 minutes after taking off the strychnine.

C and E are of the gyrus suprasylviue of the right hemisphere.

Distence between the stimulation electrodes and the discharge electrode
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is 6 mm, C i8 the effect of stimulation (30 volts, 5 per second) prior

to poisoning; after this the ares under the stimulation electrodes
was poisoned with a 0,5% solution of etrychnine; the strychnine was
vemoved after 3 minutes, D 18 the effect of the same stimulation 3.5
minutes after application of the strychnine to the brain under the
stimulation electrodes, E is the effect of the seme stimulation 15
minutes after the recording of D, Indication of 0.3 millivelt for A,
of 0,6 millivolt for C.). In the experiments of Beritov and Roitbak
(1950b) on spinal cord of frog it was discovered that at relatively
great concentration of strychnine (general or local poisoning) it

is possible to observe two stages of its effsct: at first, the
posterior and anterior root potentials attenuate, and only aftér

several minutes do they begin to intensify, Thus, weakening of the

cortical negative potentisls after strychnine poisoning should be
ascribed to its persbiotic action on the neuron elements, Histological
investigation of the part of the cortex subjected to poisoning by
saturated solution of strychnine showed drastic morphological changes
of the cortical neurons (8. Beritashvili, 1952), In commection with
what has been mentioned above, it is possible to set forth the following
fact obtained by Chang (1951): the negative potential adjusted to be
provoked 8 min, after & strip of paper saturated with a 2% solution of

cocaine wes placed on the cortex between the stimulation and the

&'
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dischai'ge glectrodes, In analogous experiments of Burns and
Grafstein, 1952, it ceased to be recorded after 4,0 minutes, In
my experiments the bioelectrical potential ceased to be provoked

2 minutes after poisoning of the cortex under the discharge

electrodes by 8 saturated solution of strychnine,

With & frequency stimulation of 25-30 per second the
potentials considered quickly attenvate (see below),

Effects similer in character arise at stimulation of eny
part of the dorso-lateral surface of the cortex, i.e. the character
of the effect is not apprecisbly altered in areas of the cortex
aifferent according to functions,

At powerfulw stimilations end at repeated stimulations addition-
al negative fluctustions can arise (Pig, 8), but this is not charac-
teristic to effscts during deep narcosis and will be specially
considered in a subsequent part of this chapter.

At a distance of 1.5-2 mm, betwgn the stimlation electrodes
and dischqrgelelsctrodes the negative potentisl sets in 2-2,7
milliseconds after the moment of application of ;tmlation. At
removing the discherge electrode; together with reduction of the
anplituds of the potential the latent period of it arising is
increased and its character changed: 1t reaches the peak more

slovly, Incresse of the latent perfod camnot alweys be detected
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because of the fact that the intervel between the moment of stimulation
and the moment of the arising of the blopotential 1s masked by an
wnbalanced residue of polarization potentisl (this tock place in

registration A, Fig, 11). (Legend to Fig, 11, textpage 3h: Decrement

spread of negative potentials, A s cat No, 22, May 12, 1950, Bio-

currenfea are discharged simultaneously from a point of the surface of
the gyr. ‘sigmoldeus post, at a distance of 1,5 m, from the stimulation
electrodes (upper curve) and from a point at a distance of 3 mm, from
the stimulstion electrodes (lowsr curve), Intensity of stimulation

25 volts, frequency about 10 per second. B is eat No, 7, July L, 1949,
Gyr, sigmoideus post. Distance between stimulation electrodes and
discharge electrodes 2,5 mm,; the effect of ome shock of stimulation

(8 volte), .C 18 the effect of 8 single stimulation shock (8 volts)

after the discharge electrode was shifted a distance of 5 mm, from .

the stimwlation electrodes, D and E are of cat No. 37, Jan, 7, 1951.
Slight narcosis (6 hours after nembutel lnjection), Stimrlation
electrodes Pl are placed at the posterior pole °f, the gyr. suprasylvius;
at a distance of 5 and 11 mm, from them on the surface of this convolution
are placed discharge electrodes Ey and Eé’ the second stimulation I’2
pair are placed on the surface of the gyr,- sigmoideus post, at a distance
of 2 mm, from B, In Fig. F is given the arrangement scheme of stimula-

tion end discharge electrodes.. The biocurrents are discharged
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simultaneously from point By (upper curve) end Ep (lover curve), D

is stimnlation carried out through Py electrode, frequency 16 a second
(25 volts), E is stimilation effected through B, electrodes, frequency
of stimilation 12 per second (25 /voits). Indications for A: 0,3
pillivelt, 20 milliseconds,) In:' recordings B and C in Fig, 11 (right
upper third, left and right respectively) the effects are shown of
stimlation of the gyr. sigmoideus, In experiment B the discharge
electrode was 2,5 mu, from the pair of stimulating electrodes; the
latent period of the arising of the biopotentisl equaled 3.3 milliseconds.
In experiment C the distance between the points of stimulation and of
discharge equaled 5 mm,; the latent perioﬁ of the arising of tﬁm
biopotentisl equaled 8 milliseconds, If the rate of spreed is calculated
on the basis of the differences of latent periods and of the distences
in experiments B and C, then the megnitude reached is approximately

0.5 m, per second, 'Thus, if 1t le assumed that the activity is in any
vay spread from the point of stimulation to the point of discharge,

then the rate of this spread, on the basis of the abo#e-mntioned
experiment, is of the order of 0.5 m. per second, which agrees with
Dow's data (1949) in respect to the spread rate of potentials in the
cortex of the cerebellum, Chang thus found thet the spread rate of the
ﬁe@ative potentiels considered in the cortex of cat equaled L m, per
second (1951),

»
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Aveording to Adrian and Chang, the negative bloelectrical
potential discharged from the cortical surface of cat at its stimulation
is not registered at a distance greater than 5 mm, from the stimulation
electrodes and ia not registered from another convolution even if the
distance from the site of stimulation is very small, The recordings
‘presented in Fig. 11, D and E (lower 2/3 on the left, upper and lover,
respectively), contradict these two positions, The set-up of the
experiments was the following: on the surface of m coftex of cat
under relatively shallow narcosis were placed 2 pairs of stimulating
and 2 discharge electrodes (see Fig, 11, F (lower 2/3 at the right);
the first stimlating pair (Py) and the firet discharge electrode
(El) are established on the posterior portien of the gyr., sigmoideus.

and the secand stimulating pair (Pe) and the second discharge

electrode (EE) are placed on the gyr. suprasylvius, The distance Pl -

Iy =1l m, At stimlation ‘Ehrough electrode P (experiment D) and
electrode Ta (experiment E) negative potentials are registered in

both convolutions; their amplitude is less at the more remote point,
Thus, negative blopotentials at stimulation of thé cortical surface
can arise at a considerably greater distance from the place of
stimulation than was estimated, They may arise in another comvolution,
We have thus been confronted with new facts, which will be considered

in detail in the following paragraphs of this chapter,
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As for the rate of epread of activity in experiments D and E,
Fig. 11, it 18 of the order of 0,85 m, per second and it 1s identical
during the spread from the dyr. suprasylvius into the gyr. sigmoideus

(Pl stimlation) and during spread from the gyr, sigmoideus into the

or. suprasylvius (PE gtimlation), Attention 1s attracted to the

fact that the rate of spread in the case in question 1is greater than
in experiments B and C and this can perhaps be comnnected with the
different depth of narcosls in these two cases,

According to Burns' data (1951), in isolated pert of non-
narcotized cortex” direct slectrical stimulation of its surface
causes the same negative potential as described for mercotized animls,
Its rate of spread equals 2 m, per second, Thus, the rate of spread
of activity here 1s even greater in experiments with non-narcotized
cortex, (’Isolated from subcortex and from the rest of the cortex,

a strip of gyr. suprasylvius of cat, 20 mm, in length, was kept
comected with the rest of the cortex only by the blood veséels.)

The fact that at increase of distance between the stimilation
electrodes and the discharge electrode the latent periocd of the
bloelectrical reaction being reglstered is increased is demomstration
that extremely locel blopotentials arise at direct electrical
stimlation of the cortex, The latent period would not be increased

with increase of the distance between the stimulating and the discherging
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electrodes 1f the potentisls arising are spread simply physically

with decrement, Thus, the region of the discharge of these blopotentials
is limited practically to the reglon of their arising,

Aé known, during investigations of the cortex by the method of
{ts direct electrical stimulation room for doubt has always been left

as to whether or not one or another external effect to be observed at

gtimulation of the cortex is due to shunting of currents to other
proximate parte of the gray or white mtter (Vvedenskii, 1897;
Ukhtomskil, 1911), The fact that the latent period of the cortical
biopotential is increased at moving the discharge electrode away
shows that with the conditions of stimulation in question the bio-
electrical potentials being registered are stipulated by stimulation
and excitation mamely of that point of the cortex to which the
stimulsting electrodes are applied, i.e. shunting of the stimq_lating
current does not occur, at lemst to such a degree, in orde;' that at
a8 distance of 2-3 mm, these loops of current could show such a
stimdating effect on the neuron elements as would lead to the
arising of the potentisls being considered, Thus, the area of
{ndirect provocation of neuronic elements of the cortex has been
1imited practically to the region of spreed of the stimulating elec~
trodes.

On the other hand, the fact considered (length of latent period
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in connection with the moving away of the discharge electrode) shows
the acouracy of the oscillographic method being used, The discharge
slectrode shunts precisely the bloelectrical activity of that part
with which 1% comes in contect, This 1s & good argument against
those electrophysiologiste who think that the potentials discherged
are always the expression of the sum total of a great number of
potentials resultant from the bioelectrical activity of hardly the
vhole of the cortex and that at excitation of any part of the cortex
potentials, purely physical, can be discharged from remote parts of
it, ete,

Very persuassive positions bave been exposed on the extraordinary
local character of stimulation and discharge by experiments with
strychnine polsoning of the parts being stimulated and subject to
discharge which were spoken of above. During local point posioning
under stimulating or dischargg elecj;rode the bioslectrical effects
that erise at stimulation can temporarily cease being registered.
When this oceurs as the result of poisoning under the stimulating
electrodes (Pig, 9), this shovs the extremely local character of
the stimulation: the loops of current do not stimulste parts of the
cortex found at a distance of several millimeters beyond the poisoned
point. When this occurs &s the result of poiﬁoning under the discharge
electrode (Fig, 10), this shows the extreme local character of the

discharge of bilopotentials: the discharge e_zlectroda does not discharge
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bilopotentials from a portion of the cortex found beyond the poisoned
point, from parts in which biopotentials of greater amplitude arise
then those erising normelly under the dis charge eleét.rode because
they ave-found closer to the slte of stimilation,

The facts obtedned oblige referring quite skeptically to the
possibility of & diffuse and territorially spread phyeical influence
of the blopotentials that arise during excitation of any complex of
peuronic elements, for example to the possibility of the diffuse
anelectrotonic influence of the potentisls through tissue fluld on
a great number of surrounding neuronic elements, as this was proposed
earlier by Beritov (1937b, 1948) and by Beritov and Roitbak (1948b),
or to the possibility of the suelectrotonic or catelectrotonic effect

of currents of the granular layers of the cortex, as was considered

probable by Ukhtomskii (1939-40).

The effect of rhythmical stinulations of the cortex during

deep narcosis, (Legend to Fig. 12, textpage 37: Negative potentials
cauged *by electrical stimilation of the surface of the cortex with
d4fferent frequency of stimulation, Cat No., 10, (;ctom 2k, 1949,
Nembutal, The discharge electrode an& the stimulation electrodes
are placed on the surface of the gyr. suprasylviue; the discharge
electrode s a distance of 1.5 mm. from the stimulating electrodes.
Intensity of stimilation 30 volts (tmsimm 8 volts), A isa

stimulation frequency of about 3 per second; B is 16 per second; the
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Bl are effects after 1 minute of stimlation. ¢ 1s frequency of

stimulation of about 50 per second, 01 is after 30 seconds of

stimation, D is frequency of stimulation of 100 per gecond, E

15 the discherge electrode removed & distance of 2,5 mn, from the

stimulating electrodes; frequency of stimlation a¥ 15 per second

is instantaneously switched to 100 per second; El is after one

minute of stimulation with a frequency of 100 per second, and

change-over ocours to a frequency of 15 per second (Roitbak, 1954a),

20 milliseconds and 1 millivolt indicated,) During e stimulation

frequency of 3 per second the subsequent shocks cause greater

offects than the first (Fig, 12, A). With a stimulation frequency

of 10-20 per second growth of effects occurs for the first 0,2-0.5
gecond of stimulation (Fig, 12, B); furthermore, the effects are some-

times complicated by additional waves arising, At stimulation

frequencies of 50-100 per second the effects progressively and quickly

attenuate sod in the course of the first 0,2-0,5 second tetanization

can dwindle to nothing (Fig. 12, C-B). .

When the functional state is poor, stimilation oi: the cortex
provokes negative potentials of little amplitude, With a stimulation
frequency of 10-20 per second the character of effects in the course
of stitulation is not changed, i.e. the phenomenon of growth in
amplitude of the potentials ie lacking (Fig. 13, textipage 38:7 Blo-

olectrical potentisls that arise in respouse %o stimulation of the

"
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cortex during deep narcosis, Cat No, 4, June 6, 1949, Deep
parcosis-after injection of & double dose of nembutal, Stimulation
and discharge electrodes in the gyr. sigmoideus post.: dista-nce‘
between them 3 mu, Intensity of stimulation 30 volts. A is
frequency of Bthnulation at 8 per second; B is 15 per second. C
1s 40 per second, and Cl is after several seconds of stimulation,
D is freguency of stimulation at 80 per second., 20 milliseconds
and 0,6 millivolt indicated,), At frequency of stimulation of 50
per second the effects quickly dwindle to nothing; at e frequency
of 100 per second only the few first shocks cause appreciable
bloelectricel potentials,

In Pig. 14, A, en experiment is set forth with cerebral
stimiletion at & frequency of 25 per second., At first the magnitude
of the effects grows, and after the fourth stimulation shock the

effects progressively attenvate, The twentieth stimulation shock

cauges a three times weaker potential than the second, In experiment

B the fre(iuency of stimulation i momentarily inmcreased to 125 per
second, After slight fluctuation caused by the first shock of
tetanic stimulation the subsequent shocks produce no effect, In
recording C after 2,7 seconds of tetanization at a rhm of 129 per
second the frequency of stimnlation is again shifted to 2 per second;

thereby effects arise the same in amplitude as prior to application

N
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of stimilation at 125 per second, Thus, these 2,7 seconds of tetanization

have influenced little the character of the effects of the infrequent
stimilation, In recording D after 3 seconds of stimilation at a rhythm
of 25 per second when the effects have -considerably attenuated a shift
of frequency of stimilation to 125 per second was mde, end then after
a stimilation of several seconds at a rhythm of 125 per second the
frequency was again changed to infrequent, The effects of infrequent
gtimulations after this intensified approximately four times, and

these intensified effects lasted rather long. Thus, ‘the impression

1s created that partial repose of the cortical elements being actiyated
tas occurred after & period of tetanization of the cortex.

(Legend to Fig. 14, textpege 39: Bicelectrical potentiels
provoked during different conditions of stimulation of the cortical
gurface, éat. No. 26, June 3, 1950, Stimulating electrodes and
discharge electrode are placed on the surface of the gyr. suprasylvius;
distance between the discharge electrode and the stimulating electrodes =
2.5 m, 7 Intensity of stimuiation 30 voits, A-frequency of stimﬁl&ti@n
at 25 per second, B - 2 continuation of recording A; the frequency of
stimiletion is momentarily switched from 25 per second to 125 per second,
C - termination of 2.7-second tetanization at 125 per second and
change to a stimulation frequency of 25 per second, D - after 3 seconds

of stimilation at & frequency of 25 per second a shift is made to @
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frequency of 125 per second, E - after 15 seconds of tetanization
at 125 per second the frequency of stimlation is changed to 25 per
gecond, F - the effect of the application of 30~volt stimulation
at 20 per second after 1 minute of repose (Roitbek, 1954a), Indications
of conditions on the illustrations 20 milliseconds and O,4 millivolt,)
Thus, we run into the following phenomena, First, we encounter
exhaustion when the relatﬁely infrequent stimulations &t prolonged
stimulation begin to give gradually attenuating effects, Secondly,
we run into sharp attenuation or absence of effects when there is
an increase of frequency of the stimulation to 50-100 per second,
This 1s not an expression of exhaustion, because &t lengthening the
interval of stimulation an effect srises immediately (see also Fig,
12, E), i.e. ve apparently run into phenomena of the worst-best
("pessimm-optimm") order. In the third place, we run into "repose”
at the time of prolonged tetenic stimulations, but also, as in the
experiments of Vvedenskii, the present repose is much move effective
than "repose” at the time of the worst ("pessimum") tetanization
(Fig. 14, ¥).
At consideration of these facts obtained during direct
electrical stimilation of the cortical surface analogy intrudes
with the "pessimmeoptimm" phenomena studled by Vvedemskii in °

muscle-nerve preparation (1886) and in spinal cord (1904), However,
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we later perceive that the correctness of such an analogy can be
confirmed with doubt, '

Potentials discharged from different layers of cortex at

- stimylation of its surface, Below are mentioned the results of
experiments with discharge of potentials from diffevent layers of
cortex during electrical stimulation of 1ts surface,

In Pig, 15, A and B, are presented electrical effects
discharged from the surface of the cortex at a distance of 2 mm,
from the stimnlating electrodes at different intensities of
stimulation, A% 12 volts (osc. A) negative potentials arose
with an amplitude of about 1 milliv,; at 30 v, the amplitude of
the potential exceeded 1.5 milliv, and an additional negative
fluctuation arose (ose, B), Then the discharge electrode was
sunk more deeply into the cortex; histological investigation
shoved that the end of the elegtrode was in layer V., In Fig,

15, C-E, are presented the electrical effacts discharged from

layer V during different conditions of stimuletion of the cortical
surface (the position of the stimulating electrodes was not changed),
At 6 volte the effects Were not provoked, whereas from the surface
with this threshold intensity of stimulation considerable nega?;ive

potentials were discharged; at 12 v, insignificant positive

fluctuations were discharged from the depths (osc, C); at 30 v,
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from layer V considerable positive potentials were dlscharged with
en amplitude of 0,75 millivolt (osc, D). At tetanic stimlation
with & rhythm of 50 per second & long positive oscillation vas
obtained, after which & negetive arose and then the ray came back

to the abscissa (osc, E); at cessation of stimulation a slow two-
phese fluctuation also arose, Anslysis of this curve shows that
throughout the whole time of stimulation a long, constantly attenvat-
ing, positive potential occurred (see Roitbek, 1950a), After these
experiments the electrode wes placed on the surface in line with

the place of p\mcturé. In response to stimulation negetive potentials
again arose of somewhat lesser amplitude than those discharged prior
to deep placement of the electrode (ose, F and G), This indicates
that the puncture does not demage the cerebral tissue to any
considerable extent, &s was established by experiments en spin'al
cord (Beritov and Roitbek, 1948s), At stimulation with a frequency
of 50 per second it is necessary to assume the arising of & l'ong‘

negative fluctuation (osc. E).

(Legend to Fig, 15, textpage 41:’ Bioelectrical potentials

diachﬁged from the surface and from thewdep’chs of the cortex at
stimulation of the cortieal surface, Cat No, 16, Feb, 11, 1950,
On the surface of the gyr. suprasylvius are placed stimulating
electrodes and at a distance of 2 m, from then & discharge

mieroslectrode, The provocation threshold of the biopotentials
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18 6 v, A 1s 12-v, intensity of stimulation, and the beginning of
stimulation is at & frequency of 10 per second, B is intensity of
stimulation of 30 v. C is discharge electrode sunk by means of a
microserew to layer V;: 1ntensity of stimulation 12 v., frequency

10 per second, D is intensity of stimulation 30 v, E is begiming of
trief tetanic stimulation during e frequency of 50 per second (30 v,);
By 1s end of stimulation, F is microslectrode raised end placed on
the surface of the brein, intensity of stimmlation 12 v,, frequency
10 per second, G 15 intensity of stimilation 30 v, ¥ is beginning
of brief tetanic etimulation at frequency of 50 per second; Hl is

end of stimulation, Condition indicated on illustretion at G is

1,2 millivolts,)

(Legend to Fig, 16, textpege 42: Biocelectrieal potentisls
discharged from the surface of the cortex, from the depths of the
cortex, and from the white matter at stimulation of the surface of
the sortex,. A.ig for-sat No, 15, Feb, 8, 1950, Blopotentisls are
discharged by microelectrodes from the surface of the brain (upper
curve) and from & depth of 0,7 mn (lower curve); gyr, supresylviug,
its posterior pole, Stimulating electrodes are placed on the surface
of the brain at a distance of 1,5 m, from the microelectrodes,

The intensity of stimulation was 25 v, » the frequency 10 psr second,

B-D 18 for cat No, 27, June 7, 1950, Biopotentiale aischarge
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from the surface of the cortex by the very fine electrode L (upper

 curves) and from the depths by the needle-shaped electrode I,
(lower eﬁrvea). The stimilating electrodes are placed on the surface
of ﬁe cortex, B is vith Ea sunk to & def:th of 0,1-0,2 mm, ; stimilating
¢lectrodes are found at a distance of 3 mm, from B3 frequency of
stimulation 40 per second (25 v,), € 1s with B, sunk down to the
vhite matter; stimilating electrodes are found st a distance of
6 mm, from E,; frequency of stimulation 40 per second, D is with a
frequency of stimilation of 10 per second,)

In Fig, 16 recordings are presented that veve obtained in
experiments with eimultaneous discharge of biopotentials from different
layers of cortex, from the surface and from a depth of 0.5 mm, (os¢, A),
from the surface and from layer IT (osc, B), from the surface and fron
the white matter (osc, C and D), On the basis of these experiments
it is possible to make important factual conclusions: whereas from
the surface of the ubrtax & negetive potential is registered, in the

 @dfferent layers of the' corresponding point of the cortex potentials
different in sign ape registered: 1n layers I and IT there is a
negstive potential; at somewhat greater depth ‘(0. 5 mm, ) no certain
Potential can be registered or a wesk positive fluetvation is

 registered; in layers V uzd VI, as well a6 wder the cortex frou the

Vhite mitter, & posttive potentisl 1s registered, the negative potential

Sanitized Copy Approved for Release 2010/01/1 1: CIA-RDP81-01043R000100150004-6




i Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6

«T6e

discharged from the surface being in elmost mirror-imege form,

The "inversion" of the sign of the potentisl when the discharge
electrode 18 sunk down into the cortex ocours anywhere close to the
surface of the cortex, which shows directly that the neuronic elements
of the surface layers are the source of the negative potential
discharged from the surface of the cortex,

Adrian (1936) came to such a conclusion on the basis of the
fact that after thermocoagulation of the surface layers of the cortex
the negative potentiml in this part ceased to be stimulated, Bishop
end Clare (1953) in exéeriments with discharge of blopotentials of
the cortex simultensously from three levels, from the surface layers,
the middle layers, and the white mtt»er,. found that st stimlation
of the surface of the cortex of the upper 1/3 of the cortex a negetive
potential is produced and at stimulation of the lower 2/3 elther no
potential is produced or the middle electrode is positive in respect
to the white substance, .

Thue, from the facts to be had it follows that the negative
potential, discharged from the surface of the cortex at direct
stimulation of it, expresses excitation of the neuronic elements of
the surface layers of the cortex,

Kiﬂtélogiullinfomtion on layer I of the cortex, At
‘atimulation of the cortex by electrodes placed on its surface, the
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stimidating current should primerily aci on the nerve elements found

on the surface, i,e, on the elemsnts of layer I of the cortex,

Informtion on layer I of the cortex, quite meeger in ordinary
textbooka, can be found in the works of 1) Cajal (1893), 2)Bekhterev
(1898), 3) and b) Lorente de No (1933, 1943), 5) Blimenau (1925), 6)
0'Leary and Bishop (1938), 7) Zurabashvili (1947, 1949), 8) Sarkiscv end
Poldakov (1949), and 9) Cheng (1953).

Presented below are data on the etructure of layer I, on the
derivetion of the fibers of layer I, and on their distribution and
tenﬁmtiom. For brevity, literary references are designated by
the figures corresponding to the above-mentioned list,

At exsmination of cortical preparations stained by the Cajal
method or by Golgl's method the following well known,and, at the
same time, important fect is comspicuous: in layer I of the cortex
the predominant nerve fibers are those that prooeed on a tangent with
the surfece of the cortex; in layer II dendrilic offshoots predominmate
whioh ariée from the pyramidal cells of the subjacent layers,

The fibers of layer I, Part of these fibers are devoid of

medullary membrane, others are myelinated and form thick tuftsa'S) ,

especially in the upper and lower levels of the layer6). The fibers
arranged in the deepest parts of layer I end on the boundary with

Iayer I were described by Bekhterev as & spectal layer of fibers,
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Among the fibers of layer I is a certain number of thick fibers
proceeding for grest dutences3). To them apparently belong the
axons of the horizomtal cells of layer I, the length of which is

so considerable that it 1is impossible to trace them to the end,
however large the section may be5), even should 1t messure several
millimtersa) , and likewise axons of cells with the axon proceeding
from the subjacent layers of the oortex3).

Fivers of the outer part of the layer have minly a direction
dismetrical to the length of the convolution, wheress the fibers
deseribed by Bekhterev have & direction correspending to the length
of the cerebral convolutions, According to Bekhterev, the first
serve 8s & connection for the two neighboring convelutions and the

second serve as & comnection betwesn the most diverse paris of one

. 2)
and the same convolution, often more or less remote from cne another .

Lorente de No finds that pert of the thick fibers of layer I
do not go beyond the limit of a given cyto-architectonic field, others
come from adjecent fleldsS). '

Bekhterev came 0 the conclusion that "the first layer of the
cortex generally represents to the highest degree conditions favorseble

to associated activity"g)

+ O'Leary and Bishop, 40 yeers after Bekhterev,
considered it quite probeble thet the fibers of layer I participats in
the formation of mssocimtion courses like certain courses in the white

matter,
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Origin of fivers of layer I, The fibers of layer I are chiefly
axons or collsterals of different cortical newrons; moreover, collaterals
proceed into layer I of certain afferent fibers, The following kinds ’
of fibers are found in layer I,

1) The fine collaterals of the associative and collosal fibers,
(This was ascertained by Bekhterev, and this was confirmed by the most
recent histological investigatiensh’ 9) .

2) Collaterals of the axons of the pyramidal cells of layers
11-v23%), I the higher memmls the horizontal dendrites of the
recurrent collaterals of the cells of the deep layers form in layer
I sturdy tufts of uyelizated fibers™), By the way, Bekhterev thought
the collaterels of the cells of the subjacent layers the chief source
of the layer of fibers discovered by him at the bomdaryrof layers 1
and II,

B | 3) Azons and collaterals of neurons with & short axon of
cortical layers I-VI3'6) o Concretely, in the formation of layer I

the following kinds of neurons with short axon participate: a)

cells with ascending axon of layer IT; b) cells Wl th ascending

axon of layers IIX and IV; ¢) cells of leyers III and IV, similar to ‘
the pyremidal, with ascending axen; the axcu produces collaterals
along the way; d) amall cells with round forms of layers XTI and

IV with axon rising into layer I, giving off collaterals along the
wy; e) cells of glohular form of layere III and IV; the axon forms
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& plexus around the cell, and the rising dendrite pmduqes in layer

I sevaral tangential fibare3); end £) cells of leyer V with the
gxdx} or its collaterals ristng tnto layer 1),
0'Leary and Bishop indicate two main types of neurons with

short axon in the granular layer (IV): neurons with rising exon

and neurons with descending axon; the axons of the first reach

layer I, Bliumensu attaches great importance to the fact that,
although cells with rising axon reach leger I, they are comtained

in all layers of the cortex, but there 1s an especislly great number

of thenm fn layer IV, We shall come back again to this circumstance,

Dendrites of layer I, In layer I the remifications are completed

of the top dendrites of the pyramidal cells of the subjacent layers,
According to Cajal, the fibers of layer I form & network in the

meshes of which the tops of the dendrites terminate, studded, as
' Bekhterev also confirms this, vith & great mumber of thornlike off-
Shoots to which, after Sukbamov, Sarkisov amd Poliskov attach
-.extraordinary importance, assuming that they serve for comtact with
the symaptic terninals (Serkisov and Pouagov;igw; see also Chang,
1952), ‘The top dendrites at having sttained layer I, or somswhat
ﬁlier, split into dendritic branches, assuming a horizontﬁl direction;
the. length of the horizontel dendritic branches does not exceed 2 m.g),
according to the data to be had,

Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6




 Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 ‘

.‘.81.

Into layer I enter the dendrites of the tiny cells of layer
1I and the dendrites of the spindle-shaped cells of layers III and
IV and sacending dendritic branches of certain neurons with short
axon. from layers III and IV, but likewiee the top déndritea of the
pyramidsl neurons comprise the overvhelming mss of dendrites of
lnyer I.‘

Synaptic connections of the system of fihers of layer I
Tt hes been found that the thick long fibers of layer I, which are
the rising axons of the cells of the subjacent layers, produce a
great number of collsterals that remify not culy in layer I but
.algo in layer »II3) and that the collaterals of the axons of the
cells of layer I (of Cajel's horizontal cells) enf;ez' fot only into
layer II but even into layer III6). Nevertheless, Bekhterev
contluded that the top dendrites "present to the highest degree
favorable conditions for association” through contact with the
brenches of the azons that penetrate hei-a. Cajil gew that the
fibers of iayar I, perticularly the axons of the cells of layer I,
ternfrate vith ramifications in the top dendrites of the pyremidal
(cells), Bekhterev presents an illustration (1893, p. £13) in
vhich are shown the ‘top dendrites and the termtmations of the
fibers of layer I on them, Zurabashvili found in preparations

stained for the synapses (according to Hoff's modified method)
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that there are mumercus ayuiptic tufts to the tbp dendrites in layer
IT and the whole layer is strewn with presynaptic fibm7). According
to Lorente de No, the top dendrites receive impulsation cilieﬂy from
- fibers of the layer I plexus and not of the layer II, According to
his data; the number of symapses for dendrites of the pyramidal cell
in layer I is 1000 times greater than in layer II3). Synapses
congregate chiefly in the area of the bifurcation of the dendrites
and in dendritic branches after bifurcetion for demdritic offshoots

of the motoneurons of spinel cord of cat; there are fewest of them

in the pert of the dendritic trunk imedistely before its bifurcation!,
It 1s possible to think that analogously for the top dendrites the
greatest number of syneptic terminals of the fibers of layer I 4s in
layer I in the region of their bifurcation and in their horizontal

branches,

On the basis of known neurological data in regard to layer I

of the cortex, it is possible to meke the following conclusions,

1. In layer I there are medullated snd unmedullated fibers
attaining great length, These fibers comnect with one snother the
ad jacent convolutions, the different parts of a convolution, &s well
as the different cortical fislds,

2, The bifurcations of the fibers of layer I terminate R
principelly in layers I and IT of the cortex, In layer I they form
numerous synaptio terminals in the top dendrites of the pyremidal
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neurons, In layer II they participate in the formation of & complex
network of ibers terminating in the newronic elements of layer II and,
smong ‘them, in the trumks of the dendrites of the pyramidal cells,

3. At stimilation of the fibers of layer I actlvatlon occurs
meinly of the dendrites in layer I of the cortex, Thus, in the
cortex of the larger hemispheres (cerebrel) there are anatomical
reasons for the possibility of more or less isolated activation of
dendrites, a clarification of the finction of which is the present
problem of neurophysiology.

L, 8ince the fibers of layer I proceed from the pyramidal
neurons of all subjacent layers of the cortex and from the cells with
axon rising from all subjacent layers of the cortex, then, consequently,
the top dendrites of the pyramids can be activated from a vast number
of sources ;‘exci‘tation of the neurons of any layer of the cortex cen
be transferred through the ayste;n of the fibers of layer I to the
tops of the dendrites of the pyramidal neurons,

Origin of negative biopotenﬂala dlacharged from the cortical

surface at direct electrical stimulation of it, It can be considered

established that the slow megative potential arising directly in
response o electrical stimulation of the surface of the cortex
expresses minly the state of excitation of the dendrites of the

dendrites of the cortical surface layers and is a "dendritic potential”,
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" Beritov came to this conclusion in 1941 on the basis of the daﬁ
of Adrisn (Beritov, 1941), Chang (1951), Eccles (1951), and Bishop
and Clare (1953) have errived at the same view,

The facts obteined in experiments with stimulation of the
differsnt layers of the cortex testify in favor of this, thet the
arising of negative potentials at stimulation of the surface of
the cortex is comnected with excitation of the elements of layer I,
Stimlation of the cortex wes made by the "unipolar" method,. by
impulses 0,5 millisecond in length, and by means of a glass microelectrode,
When the stimulation electrode was on the surface of the cortex or at
a depth of 0,1-0,4 nm,, then during a certain inmtensity of stimulation
from the surface of the cortex in response to the stimulation a
negative potential wes discharged, At sinking the electrode further,
i.e, at stimilation of the middle and deep layers of the cortex, from
the surface of the cortex wae registered (at a éiven intensity of
stimulation) & negative potentiel of far less amplitude than at
stimilation of the surface layer of the cortex (Burns and Grafstein,
1952), Thus, the greatest activation of the top dendrites ocours at
stimulation of the surface layer of the cortex in which the system
of fibers of layer I is found, The grising of the negative potenﬁiala
during stimulatimof the middle and deep layers can be explained by

the fact that stimulation thereby oceurs of the collaterals and axoms
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that rise into layer I or of the corresponding cells of these layers,
1,6, by the fact that the system of fibers of layer I is again thereby
exciteds

Blovw negative potentiais are recorded even during deep narcosis
at & considerable distance from the part of the cortex stimulated, the
latent period of their arising being more prolonged in the more remote
points than in the more proximsl, The following fact can serve as
proof that the spread of these potentials through the cortex is
comnseted with the spread of the excitation by the elements of layer
I: after incision of the cortex betwsen the stimulating electrodes
and the discharge electrode to a depth of 0,13 mm,, the negative
potentisl ceases to be registered (Burns snd Grafstein, 19%2).

In Ewr I there are, as said, ramifications of the top
dendrites and of the system of the tangential fibers, The length
of the horizontal dendritic branches in layer I does not exceed
2 m, (Chang, 1951); consequently, it is £itting to think that the
spread of the negative slow potentials occurs by mesns of the_‘ﬁ”lbers
of layer I. The rate of spresd of the slov potentials is determined,
thus, by the rate of spread of the excitation along the fibers of
lager I It is known that the very fine fibers of the peripheral nerves
conduct. the excitation at & rate of the order of 0.7 meter per sevond,

i.e, at & rate which approximtes that with which the activity in the

surface layers of the cortex is spread during deep narcosis,
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The yate of spread is considerably altered in connection with

change of teuperature of the cortex: &t 29-32°C, it equals 2 m. er

second, at 26° 0.7 m, per second, and at 22° 0.4 m, per second (Chsng,

1952),
Eocles in a survey article on the basis of literary data also

expresses the opinion on it that activation of dendrites at stimulation
of the surface of the cortex should proceed through the fibers of layer
I (Eccles, 1951), However, Dow even esrlier proposed a similar
clarification to the spread of activity arising in the cerebellar
cortex during electrical stimilation of its surface (Dow, 1949).

At intemsification of the electrical stimulation of the cortical
surfece increase of an(plitude occurs of the negative potential being
regictered, This must be explained by the fact that at increasing
the intensity of the stimulation the number of fibers exciteq in
layer I increases, As & ;esult of’ this, in the area of discharge
the number of synaptic terminals excited, wnder which excitation
in the dendrites srises, is increased, The amplitude of the deudritic
potential is increased in comnection with intensification of stimulv_stion
up %0 & certain limit, nevertheless; growth of amplitude of the
potentigl 1s limited by the number of synaptic terminsls of the fibers
of layer 1 to the dendrites of the discharge portion.

Clarification, according to which acﬂvation of the dendrites is
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realized through the fibers of layer I, ran intd difﬂcul’oy, which
consisted of this, thet the quick (potentisl) which itself expresses
the etirrent of effect of the excited fibers of layer I (see recordings
of the dendritic potentials in all the works pﬁblished and in the
abo‘ve-mntioned‘oscillbsrams) does not precede the slow dendritic
potential, 8till in s nunber of cases it proved possible to reglster
the effects of direct stimulation of the surface of the cortex in
which the quick potential of complex character, which consisted of

a group of asyachronous impulses of axon origin (Fig, 17), preceded
the slow negative potential, This initial component 1s altered in
connection with the change of direction of the atiwhthg current
and in comnection with change of place of stimulation, i.e, at
change of the conditions of stimulation of the surface of the cortex.
At prolonged stimulation st & rhythm of 50 per second many components
of this initial effect fall out,

The fact that quick potentials were not usually registered
before the slow is probably explained by the poor conditioms for
discharging quick fluctvations from the surface of the cortex,

A% the mving/:ﬁe discharge electrode avay from the point
stimilated the amplitude of the dendritic potentials being registersd
is reduced, 1,e, there is observed, as it were, & logarithmic décrement

spread of the activity, Eecles explains this phenomenon by the manner

<.
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of spread of fibers of 1;yez' I, This must be comprehended in the
following way: for exsmple, excitation from the part stimulated
comes to point A through 10 fibers of layer I, From collaterals of
these fibers the dendrites placed here are activated, part of these
fibers terminating then and there, Impulses are admitted to point
B through 6 fibers, to point C through 3, etc, The degree of
decrement of the‘dendritic potential is proportional to the decrease
of the fibers excited, |

As we have seen, not only the rate of spread, but also the
degree of decrement and, consequently, the distance of spread depend
on the depth of narcosis, During deep narcosis dendritic negative
potentials are registered in cat at a distence of 5 mm, from the
slite .éf stimulation, In Burns' experiments (1951) on isolated
strip of non-narcotized cortex it was registered at a distance of
10 mm; in the recordings pre;ented a5 obtained on slightly narcotized
enimal it was at a distance of 11 mm,

We have seen that during deep nsrcozis and generelly at decline

of the functional state of the cortex first the activity begins to

spreed to an even lesser distance and, secondly, its rate of spread

is reduced, This 1s perhaps connected with the effect of the narcotic
on elements responsible for the spread, i.e, the fibers of layer I,

It can be thought that these fibers arve very semsitive to the action
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of the narcotics and fall into a parabiotic state, TFurthermore, it
18 possible to assume that the stimmlation applied to them at this
time causes excitation vhich spreads with decrement along the fibers
and their collaterals; the attenuated blocurrents of the terminals
closest to the collaterals are still caﬁe.ble of showing & stimulating
action on the neuronic elements and of stipulating the arising of
local potentials,

Thus, elsctrophysiological and histological data permlt
concluding that electrical stimulation applied to the surface of
the cortex leads primarily to excitation of the fibers of layer I,
The excitation, spreading along the fibers and their collaterals,
reaches the synaptic endings that are located mainly on branches
of the top dendrites of the pyramidal neuronms; the dendrites are
activated and generate bloelectrical potentials which are discharged
from the gurface of the cortex close to the point datimulated, in

the form of negative potentials. -

(Legend to Fig, 17, textpage 48: Quick potentisls before

slqw potentials, Cat FNo, 32, July 10, 1950, The discharge electrode
1s placed on the surface of the gyr. sigmoideus, A ~ effects
registered whon a point of the same couvolution was stimulated at

& distance of 10 m, from the discharge electrods, B - effects

vegistered when a point of the sams convolution was stimilated at a
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distance of 8 mu, from the discharge electrode (intensity of
stimilation in both cases 30 ).

Chang proposes an entirely different explaxiation for the arising
and spread of the potentials being considered. The slow negative
im;ential {d4scharged in his experiments at a distance of up to 5 mm,
from the stimlating electrodes) expresses the dendritic potential
iteelf, provoked by direct stimulation of the horizontal branches
of the top dendrites, The negative potential is registered when
the excitstion impulses arrive through the branches of the dendrites
Prom the site of their stimulstion under the discherge electrode,

The spread rate of these potentials corresponds to the excitation
spread rate in the dendrites (Chang, 195).

However, as sald, the horizontel branches of the top dendrites
have & length no greater than 2 mm,; in the experiments of Chang
himsel? the potentiel vas detected ot & distance of 5 mm, from the
site of stimulation and in the case presented in Fig. 11, D end E,
the potentials vere registered at a distance of 11 ‘m., a fact which
1t is by 10 means possible to explain from Chang's comment,

The position thet the dendritic potentials arise at stimlation
of the surface of the cortex, provoked by direct stimulation of the

dendrites, Chang supports by the following facts: 1) In comnection

with intensification of the stimulation of the cortex the amplitude
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of the dendritic potentisl relatively quickly reaches & mximl
mgnitude. Chang thinks that if 115 origin vas stipulated by
transmission of the ezcitation to the dendritic synapses, then

the ampiitude of the potential would be increased within immeasurably
greater limits, 2) Dendritic potentials are not appreciably changed
under the effect of strychnine, This fact cannot, however, S€IVe a8
proof of the fact that dendritic potentisls srise during stimlation
of the cortical surface without the agency of the synapses, It is
vell known that strychnine does not appreciebly change the amplitude
and charecter of local potentials of the motoneurons (arising through
double neuronic sres, l.e, direotly under the influence of afferent
mulses) as well as of local potentiels arising in the elements of
layer IV of the cortex wnder the effect of afferent impulses (see
Chapter 1v), Under the lnfluence of strychnine a certain increase
ccoure of the amplitude of these local potentials, but we see the
seme too in respect to dendritic potentials provoked by stimulation

of the surface of the cortex, The gpasmodic strychnine effect is

alveys connected with excitation of the intermediate neurons, which

the strychnine acts on selectively in the sense of elevation of
excitability.
Ii 1as already been said that the negative potentisl is rogistered

from the surface of the cortex end during point stimulstion of the middle
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and deop layers of the cortex, the negative potential being registered
at & distence of several millimeters fron the stimulating microslectrode
sunk into the cortes, In the opinion of Burns and Grafstein (1952)

this Pact shows that the negative potential a:ises without participation
of ths £ivers of layer I, thet it 1s stipulated by excitation of the
horizontal branches of the top dendrites, i.,e. they think thet during
gtimuletion in the depths of V'ohe cortex the top dendrites are excited
and then the excitation gpreads along their horizontal branches in
1gyer I of the cortex, However, this fact is easily explained otherwise
1f it is taken into consideration that the fibers of layer I arise

from the subjacent neurons, chiefly of the middle and deep layers of
the cortex, It is not remarkable that at stimlation of these elements

negative potentials arise; excitation spreads along the ascending

axons {or collaterals), then along thelr horizontal branches invlayer I

and stipulates the arising of local potentials in the top dendrites
on which the fibers of layer I termimate synaptically.

With the method of stimulation used and with parcosig stimulation
of the motor area of the cortex did not lead to the arising of movement,
whereas from the surface of the motor srea of the cortex around the part
stimilated slow negative potentials of greater amplitude were registered,
Tus, in the dendrites of the pyremidal neurons excitation arose, The
pyramidal neurons as & vhole were not excited, No discharges of

excitation into their axons occurred, i.e. into the pyramidal courses,
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It Wis characteristic that when a negative potentiai is discharged

from the surface of the cortex in response to stimulation of the cortex,
then in the same pert of the cortex, from the microelectrode fozmd at
the level of the cellular bodles of the larger pyramidal neurons (a‘c

a dep’r;h of 1.3 mn,) quick discharges are never registered (Burns and
Gratatetn, 195),

It is known that if by thermocoagulation the upper three layers
in fieldkh die, then at stimulation of this pert the same motor
reactions are provoked ag prior to destruction by layers; the threshold
of electrical stimulation is not thereby eltered, After destruction
of a1l layere of the cortex, only very powerful gtimulations provoke
a motor reaction because of direct stimilation of the vhite mtter
(Dusser de Baremme, 1933, 1934), Since the threshold of provocation
of the motor reaction was not changed after thermocosgulation, then,
consequenu&, during the given conditions of éxperinent reactions were
provoked because of direct stimilation of the cellular elements of the
desp layers, It 18 also lmown that the threshold of provocation of-
motor reactions when there is stimilation of the motor cortex depends
on the method of stimulation (Dusser de Baremme, 193ka): at unipolar
stimulation it is ilover than at 'bippla.f stimnlation, at which electrical
lines run minly through the dendrites of the pyremidsl cells, Bence,
1t is possible to conclude that isolated stimilation of the dendrites

does not lesd to excitation of the corresponding cellular bodies,
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tn the basis of the date of Clare and Bishop (195%) it Likevise
is possible'to conclude that when the top dendrites of the association
pyramidal neurons undergo direct electrical stimulation (stimlating
nfcroelectrodes at a depth of 0-0,3 mu), then dlscharge of excitation
impulses into their axons does not occur; when the (éellular) bodies
of the association pyramids (the microelectrodes were sunk into layer
Iv) are stimulated direct}y, then discharges of impulses in their
axons arise under the offect of the same stimulation,

The facts obtained in experimemts with sinmltaneous registration
of biopotentials from different layers testify that when excitation
arises in the dendrites wmder the effect of impulses from the fibers
of layer I, the (cellular) bodies of the pyremidal neuroms are not
aroused by impulses into the azons; 1ikewise, no local excitation ‘arises
i1 them that would be exjressed in registration of & characteristic
negative potential from elements of the deep layers, Consequently,
exoitation of dendrites of the pyramidsl neuron does mot lead to

excitation, spreading or regional, of the remining parts of the neuron

(cellular body and axon), Thus, when excitation impulses coms to the

top denizites of the pyrantdsl neurons, the resction is lintted by
the arising of regional excitation of the top dendrites,

With weak Qingle stimulations of tha cortex and with deep
parcosis and strong stimulations a simple bioelectrical resction
arisés , 8 negative blopotential, the minime) length of which is
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equal to 10 milliseconds. The minimal length of such a negative
potential developed by the motoneurons and by the intermediate
neurons of the spinal cord of cat is the same. On the basis of
thig 1t 1s possible to assume that the length of the elementafy
local potential, i.e. of the regional excitation, is approximately
jdentical for the various neuvons of the central nervous system,
for instence for the neurons of the spinal cord and of the cerebral
cortex, (Footnote: v At direct electrical stimulation of the optic
covering of frog the negative potentials dlscharged from its surface
1ikewlge have & length of about 10 milliseconds (Roitbak, 1952).)
On the basis of ezperimemta with simultaneous discharge of
viopotentials from the various layers of tﬁe cortex it was concluded
that the level at which alteration of the sign of the potential
occurs 1ies somewhere close to the surface, apparently 8t the
boundary of layers II and IIT: & negative potential expressing
regionsl excitatlon of the dendrites is registered only from layers
1-1T (Fig, 16), At deeper placement of the discharge electrode in
the cortex, they stop discharging any considerable effecté or they
change their sign, Eence, 1t ig possible to conclude that reglonal
excitation (and & local potential corresponding to 1t) arising in
the top dendrite does not spread downvards through the dendrite for

any considerable distance and that 1t is virtuelly limited to the

place of its arising wnder the excited synaptic endings. If we:
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vere persuaded earlier of this, that bioelectrical potentials are
extremely loeal in respect to spreading along the surface of the
cortex and that the loops of stimulating current with the stimulation
method in question are not spread through the cortex to such a degree
as to cause excitation of the nerve elements at a point of ‘the cortex
laying in line with it, then too 1t is possible to conclude in regard
to the physical spread of the blocurrents and of the stimleting
currente In the depths of the cortex: tihis lssues from the possibility
indicated of isolated activation of surface layers of cortex, However,
finelly, in natural conditions of aétivation of the cprtex isolated
activation of the surface layers cannot proceed, As we have seen,

the main source of the fibvers of layer I consists of the ascending

axons of cells with short axon and the recurrent collaterals of the )

pyramids, Thus, the excitation of the fibers of layer I and the subsequent
activation of the top dendrites (and other elements of the surface layers)
presumes the preliminary ezeitation of the neurons of other layers of
the cortex, particularly of the neurons of layer IV, which is the main
regignal ending of the afferent fibers of the cortex.

Thus, on the basis of an analysis of the dendritdc potentials
of the pyrgmidal neurons 1t is possible to meke the following two
bagic theoretical conclusions: 1) excitation impulses arriving at

the dendrites provoke in them regional nonspresding excitation; 2)
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regional excitation of the top dendrites does not leed 1o excitation
of the corrssponding pyranidal neurons, (Footnote: This conclusion
vas made on the basis of the results of pointed experiments vith
exposure of the cerebrsl cortex, Hence, as A,B, Kogan pointed out,
the following objection is poseible: during exposure of the cortex
the top dendrites fall into & parabiotic state and, in response to
the impulses that come to them, respond with reglomal excitation,
Normally they conduct excitation to the body of the cell,) These
conclusions agree with the conclusions of Beritov concerning the
activity of the dendrites, that were made on the basis of en
analysis of numerous facts from the histology and physiology of

the central rervous system (see Beritov, 1941, 1948, 1949, 1953).

They do not agree with the prevalent comcept, gecording to which

the dendrites conduct excitation to the body of the cell and even
are detectors "collecting” the stresm of merve {mpulses from different
gources and transmitting them to the axon (Gesell, 1940; Poliakov,
1933).

In virtue of the fact that the pyramidal neurons wers oriented

vertical 'éo the surface of the cortex, experiments with deep sinking

of the discharge microelectrode from the surface of the cortex vertical

to the white matter permit concluding on the profile of the outer

electrical field, vhich arises at reglonal excitation of the dendrites:
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points eround the part excited, i,e, around the top dendrite, are
negative, and the polnts around the cell body and axon are positive
in Téspect to the remote "indifferent” point (Fig. 18, textpage 52:
Pqtentials opposite in sign, recorded from different parts of the
pyramidal neuron at excitation of its top dendrite, P - stimulating
electrodes on the surface of the cortex. 0-01 - conditionsl level
at which the "inversion" of potential occurs, The scheme was con-
structed on the basis of results of electropiysiological experiments.)
Beritov thinks that déndrites do not conduct exeitations
becauge the fine, bare bifurcations of the dendrites develop an
active procese of little intensity, and this process up to the body
of ‘the cell is not in a condition to spread, owing o the biocurrent
thet thereby arises (Beritov, 1948, 1949), However, it can be thought,
in ad&itian, that v'hhe neuroplasm of the dendrites is different in 1its
properties from the neuioplaam ofr the celluler bodies, For instance,
the-various staining properties of the celluler bodies and of the
dendrites to be detected even with Nissl's method indicete this,

Fimally the fact that excitation of the dendrites during natural

conditions of their stimulation (i.e. hmler the effect of the excitatien

impulses conducted to them by the fibers) does not lead to exoitation
of the neuron is perhaps explained 1ikewise by the fact that the
presynaptic fibers terminate differently on the bodies of the neurons

and their dendrites (see below).
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Sherrington concluded thet the sxon type of excltation

conduction 1s natural not only to axons of nerve cells bub also

to their bodies and their dendritic offshoots and that the synapse

by its unique structure is capable of changing this type of »
excitation conduction, In yegerd to the dendrites, this conclusion
wes made by him on the basis that the dendrites may be nerve fibers
baving cerebral-spinal ganglis in the form of a neuron’ (Sherrington,
1906). Hovever, as Malome rightly notes (1932), it is necessary

to distinguish relationships in the central nervous system and in

the posterior-root ganglie end 1t is imposgible even to assume that
dendrites of the central nervous system are similar in their properties

to sensory-nerve fibers.

Up to the present time the idea that dendrites of all neurons
gonduct excitation in a wey similar to that by which the peripheral
nerve fiber conducts it was praﬁ;wt, but facts .obtained by-oscillographic
gtudy of the central nervous system have led recently to a change of
opinions on thie statemeni by 8 number of American physiologists.

Cheng thinks that st electrical stimulation of the top'deudrites
excitation spreads not only through their horizontal branches, but
also through the dendritic trunk downwards to the body of the pyramidal
neuron at the rate of 1-2 m, per second, Excitetion of the dendrites,

according to Chang, is normelly trensmitted to the body of the pyramid
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and then to the azon, However, during narcosis the excitation of the
dendrites does not proveke ezcitation and discharge of the corresponding
pyramidel cell, since blockade ocours of the excitation at the site of

" the transition of the body of the cell into dn axon, By this is explained
the fact that the shock of electrical stimulation applied to the surface
of the motor ares of the cortex, provoking a negative potential, does
not provoke & motor reaction, Nevertheless, as was pointed out, the
loeal potential is reglstered only at the level of layers I and II.
Thus, there ere no bases, for considering thet the excitatlon reaches
the body of the pyramidal neuron and is blocked at the place of
emergence of the axon,

The difference in methods of activation of the pyramidal
- neuron, through the cell body or through the dendrites, according

to Chang, consists of this, that because of the low rate of excitation

conduction through the demdrites the latemt period of excltation is

in the second case considersbly (by 3.5 milliseconds in his estimation)
greater (Chang, 1951). )

Howaver, later on and issuing from histological data on the
presencé of two types of symaptic connections between the cortical
neurons, the axosomatic and the axodendritic, Chang came to several

other views, In his opinion, in connection with the fact that

presyneptic fibers terminate on the body of the pyramidal neuron

Ed
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with mumerous thickly distributed eynapseé , excitation of these fibere
usvally causes the dlscharge of the pyremidal neurcn in question;
presyaptic fibers on the dendrites of a pyvamidal meuron terminete
with( a moderate number of 1in_ear];y distributed synapses, and excitation
of these vfibers usually does not lead to the discharge of the pyramidal

neuron in quéstion; ‘the discharge can proceed with simultaneous

excitation of a great mumber of paradendritic symapses (Chang, 1952).

At excitation of the body of the pyramidel neuron the excitation
spreads, sccording to Chang, on the one hand, into an axon, and, on
the other, upward through the dendrites to the surface of the cortex
(Chang and Keada, 1950), This universally adopted point of view,
according to which the dendrites comduct the excitation, is also held
by Lorente de No, On the basis of a study of the bicpotentials of
neurens of the nucleus of & sublingusl nerve at their antidromic
excifcatioxi, he came to the conclusion that the rdte of spreat} of _
excitation in the nerve cell (body of the cell + dendrites) is of
the order of 2 n, per second. He thinks that the antidromic impulses
spread along the dendritic bifurcations by the same principle 8s in
the nerve fiber, i.e. l;ecause the current of excitation subsequently
stimilates portions of dendrites along the travel line of the excitation.
Likewise, he considers the question maolM whether impulses resch

the very fine bifurcations of the dendrites (Loreate de No, 1947), -
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Bishop and Clare (1953) on the basis of the data cbtained in
experiments with discharge of potentials from different layers of the
cortex at stimulation of its surface formed the conclusion that
dendrites of pyra'mid.al neurons do not conduct excitations downward
to the body of the cell, i.e, entirely the same conclusion as was
made by me on the basis of like experiments, However, on the other
hand, on the bagis of experiments with stimulation of the deep layers
of the cortex, they reached the conclusion that dendrites of pyramidal
neurons conduct excitation from the body of the cell upward to the
surface of the cortex, We still come back to paradoxical conclusions,
according to which dendrites do not conduct excitation orthodromically
(1.e. to the body of the cell), but antidromically (i.e. from the body

of the cell).

(Legend to Fié. 19, textpage Si: Oppression of "spontaneous”

electrical activity during stimulation of the surface of the cortex,
Recordings A and B - cat No. 26, June 3, 190. Relatively deep
neibutal sleep, The stimulating electrodes dnd discharge electrode
are placed on the surface of the gyr. suprasylvius, The discharge
electrode is a distance of 2.5 mn, from the stimulating electrodes,
A - beginning of tetanic stimlation (frequency 50 per second,
intensity 30 v.). B - after 10 seconds of tetanization; end of -

stimulation,
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Recordings C and D - cat No, 24, May 20, 1950, Belatively
desp nembutal sleep, The stimulating electrodes (P) are placed on
the eyr.rsigmoideus post,; potentials are discharged simultaneously
from & point on the surface of the seme convolution at & distance
of 2 nmu>fr0m P (El, upper curves) and from the surface of gyr,
suprasylviug 10 mm, distant from P (Eg, lover curves), C - beglming
of short tetanic stimulation 650 per second, 25 v,), D - end of
stimulation, E - scheme of arrangement of electrodes (Roitbak,
1953a),)

Inhibition of "spontaneous" electrical activity, In the
course of investigation we were repeatedly confronted with facts
evidently related to the phenomsnon of cortical inhibition,

At the time of stimulation of the surface of the cortex at
& rhythn of 50-100 per second, attenvation and eien complete oppression
of "spontaneous" electrical activity (Fig, 19) can ocour; reduction of
1t oceurs after 0.5-1 second through cessation of* stimulation,
Oppression of "spontancous" electrical activity proceeds at those
points of the cortex at which negative slow fluctuations occur in
response to stimﬁlation, i.e. during deep narcosis this oceurs 1n
& smali territory sround the stimulating electrodes, At those points
of the cortex where the‘stimulatioh in question does not cause
negative biopotentials "spontanebua" electrical activity is not

altered (Fig{ 19, C and D), Oppression of "spontaneous” electrical
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activify at tentanization of the surfece of the cortex occurs too
vhen, as a consequence of local strychninization, this activity s
sharply intensified (Fig., 20, textpage 55: Oppression of "spontaneous”
electrical activity et stimulation of the surface of the cortex., Cat
No. 12, Dec, 2, 1949, Stimilating electrodes and discharge electrode
on the surface of the gyr, suprasylvius; distance between them 2 mm,
11 minutes after local poisoning of the brain under the discharge
electrode with a 0,1% solution of strychnine, A - intensification of _
electrical activity (after polsoning) and beginning of tetanic
stimilation (50 per second, 25 v,). B - immediate contlinuation of
recording A, C - electrical activity 0.5 second after cessation of
stimulation, For this period of 0,5 se¢, the electrical ac;tivity
remeined depressed. ).

On the basis of the facts cited it is possible to assume that
oppression of "spontaneous" electrical activity during tetanization
of the surface of the cortex is ca;xsally connected with the negative
slow potentials arieing thereby, i.e, thatoppression of "spontaneous”
electrical activity is stipulated by excitation of the dendrites in the

surface layers of the cortex,

It would be possible to give this pheimnanon another explanation

by admitting that the "sponteneous” activity is atipuiated minly by

the astivity of the nerve elements of the surface layers of the cortex
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and that the elements activeted as a result of the tetantzing
atimuiation no longer produce rhythmicel fluctuations of "spontaneous”
activity, However, it is known that after thermocoagulation of the
upper two iayers of the cortex "spontansous” electrical activity of

the part in question doas not disappear but only attenuates somevhat
(Dusser de Bavenne and MacCulloch, 1933, 1936), Recently it vas
established that during comparatively weak stimulaf:ions of the surface
of the cortex at 50-100 a second & prolonged negative potential of

a nonfluctuating character arises (Beritov and Roitbak, 1953), The
amplitude of this potentisl 1s increased &t increase of frequency of
the stimulation and reaches 1 milliv, and more, The slov negative
potentisl reaches & meximal amplitude 1-1.5 seconds after the beginning
of tetanization of the surface of the cortex and lests 3-4 seconds,
gradually attenuating, (Fig, 21, textpage 56: Long potentials of
nonfluctuating character that arige during electrical stimulation of
the surface of the cortex. Cat under deep nembutal narcosis. On the
surface of the gyr. suprasylvius the stimilating electrofes were placed
gnd 3 -and 10 mm., distant from the discherge electrodes.‘ Booster with
a greater time constant, Length of irritating stimuli 0.5 millisecond.
A - frequency of stimulation 9 per gecond., B~ frequency of stimulation
50 per -second, C ~ effect of repeated stimilation after 10 seconds.,

Intensity of stimulation in experiments A - ¢ 10 v. D - intensity of
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gtimulation 5 v,, frequency 100 per second, Deflection upwaid

defiotes mgdtive character of discharge eleotrode very close to

the point of stimulation (Beritov and Roitbek, 1953).).

With the beginning of ths development of the negative potential
the "spontaneons" electrical activity immediately attenuates or ceases ’
and remains oppressed throughout all the time of the beginning of
this potentiel, Thus, regional, fized, nonfluctuating excitation
of the system of dendrites 1/n the surface layers of the cortex
stipulates inhibition of activity of the neuronic elements of the
cortex,

On the other hand, during comperatively intense stimulations
of ’tho surface of the cortex at a rhythm of 50-100 per second a
prolonged positive potential can arise that is attended by intensification
of the "spontaneous” electrical activity (Beritov and Boitbek, 1953),

When f“mm ‘the swfacé of the cortex a long negative biopotential
is discharged, the immer 1&&3:-5 of the cortex are polarized in & positive
vay (Fig, 15). It can be thought that activation of the dendritic
plexus of layers I end II stipulates the anelectretonization ‘of the J
cellular bodies of the pyramidal neurons in the immer layers of the
cortex and by this very thing oppression of "spontaneous" electrical
activity,

The facts obtained at passage of a constant current through the
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cortex can serve as argument for the correctness of this assumption
(Burns, 195’#). If to a small part of the surface of the cortex an
anode vas applied, then with a ourrent energy of about 100 microsmperee
excitation occurred of the cortical neurons, This phenomenon did not
arise with a8 reverse direction of the currvent. In enother series of
experiments & microelectrode was introduced into the cortex to & depth
of 1,2 mm,, i.e, into layers V-VI, When it was comnected with e
cathode of constant current, then an excitation arose of the cortical
neurons, When it was comnected with the anode, no excitation arose.
Intense rhythmical stimulation of isolated non-marcotized strip
of cortex aroused excitation of neurons of the deep layers of the part
stimulated, with prolonged aftereffect. If at this time to the surface
of thie part of the cortex a cathode of congtant current was applied,
then the aftereffect broke immediately, The same effect was»obtained
if the anode was applied to the microslectrode {introduced into layers
Y-VI of this part of the cortex, Thus, during negative polsrization
of the summit dendrites inhibition occurs of ‘the. sctivity of the
pyramidal neurcns of & given poi;:t of the cortex asia &onsequence of
positive polarization of their cellular bodles: the catelectrotonus

of the dendrites ls associated with the anslectrotonus of the cellular

boddes, Is 1t impossible to compare this phenmﬁon with pericatelectroé

tonug, with the phenomencn of anodic reduction of the excitability In
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the reglon of the neuron adjacent to the region of the catelectrotonus?

On the basis of the facts Just cited it is possible to conclude
tbat during artificial polarization of the cortex when the cathode
15 en its surface there is created an electrical fleld the same in
configuration as in the case of natural excitation of the top dendrites
through tetenization of the f£1vers of layer I that bring about 'ﬁheir
excitation.'

Yorontsov (1949) thinks that at excitation of the dendritic
ramifications very week currents ghould arise that may show only an
insignificant effect on the bodies of neurcns, However, he considered
the results of excitations of the very fine ramifications of the
dendrites. We too have seen that during regional excitation of the
top dendrites of the pyremidal neurons & positive potential of great
amplitude is registered from the bodies of these neurons.

In cornection with what has been said above, the following
fact which ve have already mentioned is of mterest. In experiments

with registration of blopotentials of the {ndlviduel motomeuron

through & microelectrode inserted therein it has been established

that when exciting afferent impulses reach the motoneuron, then an
ordinery local potential (negative) aripes in it, which vwe have
already spoken of above. When inhibiting afferent impulses arrive
af the motoneuron, then a positive potentisl of the same length and

form & the negative local potentisl is registered from the motoneuron
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(Eecles, 1952, 1953). - Thus, the process of regional excitatlon and
the. process of inhibition bhave an electrical display oppokite in sign,
Proceeding from the dendritic hypothesis of inhibition (Beriteshvili,
‘19'5;9;), it is necessary to assume that inhibited impulses ave impulses
couing to the synaptic andings on dendrites of the motoneuron, The
body of it is thereby polarized in a positive way, es we saw in regard
to the body of the pyrsmidel reuron during reglonal excltation of its
dendrites (see Roitbak, 1955, for more detail).

Contribution to the question of the lability of the dendrites,
As known, the higher boundary rhythm of excitation is the stendard
of lability (functional liveliness), With characteristics of lability
these bring a reaction which is most speclific to the tissue in question
(Ukhtomskii, 1939-40). The lebility of the nerves is determined by
the higher rhythm of the currents of effect, since the excitation
that 1s spread is most specific to their reactioms, As we have seen,
reglonal excitation for the dendrites is a specific resction, and if
the same principle is epplied hers, then the lability should be
determined by the higher rhythm of the iocal potentials,

The higher rhythn so determined for the dendrites 1s equal at
deep narcosis to 100-125 per second, The lability quickly drops in
the course of stimuwlation: the rhythm of stimmlation (50100 per

second) 18 reproduced only at the very beginning of stimslation, then

s
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the effects quickly attenuate and go down o nothing (Fig, 12),

Thus, stimilation frequencies of 50-100 per second for the cortical
surface can, ag 1t were, be noted as the worst; the optimsl will be
frequencies of 10-20 psr second,

In Vvedenskii;e experiments with nerve-muscle preparation
(1886) the worst state was summed up in the nerve-muscle lamine.
In experiments on it with strychninized spinal cord (190k) it is
in the motor neurons of the anterior horn, In the oscillographic
experiments of Beritov and Roitbak (1950a) on strychninized spinal
cord it is in the intermediate neuroms, But when this state is
sumed up during stimulation of the surface of the cortex, in the
fivers of layer I, in their synaptic endings, or in the dendrites,
on what principally are these termnations found? The nerve fibe;s s
the conductors, always possess grester lability than thelr st]atiom )
of destination. This evidently is the general rule eud the fibers
of layer I of the cortex, in spite of the fact that the greater part
of them are devold of myelin, hardly present an exception,  Hovever,
there are also factual indications that during prolonged several-
second stimulations of the surface of the cortex at a rhythm of 50~
100 per second the nerve ﬂbnrs of layer I continve conducting
excitation and trensmit it through the synapses to the neuronic
elements (see Chapter III),
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Thus, 1t should be concluded that ths phenomera of intensification
and of attenvation qf the bicelectrical potentials being considéred during
changes of frequency of stimulation of the cortical surface reflect the
véry processes occurring in the dendri’dic offehoots of the pyramidel
neurons,

Certain preceding discussions lose their significance if the
original positlon is inaccurate, that the higher rhythm of the local
potentials 1s the criterion of lability for the dendrites, Indeed
can the rhythm of local potentials testify wnreservedly o the
functional liveliness of the dendrites or of the cellular bodies?

As sald, at application to the spinal sensory nerve of subthreshold
(in the semse of provocation of the reflex discharge in the motor
nerve) shock of stimulation in the corresponding motoneurons of the
spinal cord a reglonal excitation or locel potential develops and
after 10 milliseconds attenvates, If stimvlationg are applied with
such caleulation that from each subsequent shock of stimulatic;n
afferent impulses come to the motoneurcns even to attalning the
preceding locel potential in 1ts height, then the phenomenon is
observed of summtlon of local potentials; a nonflug‘buating slow
potentiel of greater smplitude arises, 1,e. the curve of the bioelectrical
potential no longer reflects the rhythm of the stimulation, Hovever,
it is absurd to comider this the expression of the worst state of
the motoneurons, since just the phenomenon of summation of regional

stimulation lles at the basis of the ezcitation, of the discharge of
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the neurons, The same refers also to the local potentials of the
nerve fibers. Demdritic potentials cease to arise through the
rhythn of stimulation at 1yritability frequencies of 50-100 per second,
but it is incorrect to consider these frequencies as the worst, A
nonfluctuating potential thereby arises, the amplitude of which is
higher than the amplitude of the elementary dendritic potentials
that arise at individusl shocks of stimdation, Its amplitude is
increased at increase of frequency of stimuletion within the limits
of 20~100 per second. This nonfluctuating dendritic potential is
not an epiphenomenon, but 18 connected, us ve see, with a process
of inhibition. |

Certaln high frequencies of stimalation at vhich a nonfluctueting
potential arises less 1in intensity and length than during certain
Jower frequencies can perhaps be considered as the "worst" freguencies
in regerd to locel potentials, For instance, in the experin@nts of
Delov and Lapitskil (1935) the s{ow potential discharged from the
surface of the spinal cord of frog during stimulation of the sciatic
nerve at @ stimulation frequency of 100 per second reachéd an emplitude
of 1 milliv. and lasted for & long time during uninterrupted stimulation,

At 8 stimilation frequency of 200 per second the potential after a

euall rise (0.3 milliv,) quickly dwindled to nothing, Or, for instance,

the slov nonfluctuating potentisl discharged from the surface of the
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medulla oblongata of frog during stimulation of the sciatic nerve
has at a stimilation frequemcy of 100 per second a lesser amplitude
than &t & frequency of 10 per second; at a frequency of 100 per
second during wninterrupted stimulation it quickly attenuates B
vhereas at a frequency of 10 per second 1t p;;reserves for a long
time 1ts initisl amplitude (Roitbak, 1952).
2, Supplemsntary Negative Potentials

Durﬁ)g deep narcosis the bibelectrical potentlals that arise
in response to direct electrical stimulation of the surface of the
cortex are relatively simple and constant, They are altered from
intensity, frequency, and duration of stimulation in a certain
simple dependency on these factors, which was pointed out in the
first part of this chapter. However, at light narcosis in & way
like that by which motor reactions on the terminmtions are complicated
and become altered (but not stereotypic as they are at deepvmrcoeis)
from direct electrical stimilation of the motor area of the cortex

(Ukhtomskil, 1911), the bioelectrical responses of the cortex are

complicated and hecome altered at direct electrical stimilation of 1%,

These complex bioelectrical effects will >be examined further on,
Further back a detailed analysis was given of those potentials

simple in character which express reglonal excitation of the top

&anarims of the pyramlds that sets in immediately under the effect
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of impulses from the fibers of layer I, The characteristic bioelectriscal
reacti&z to stimilation of the cortical surface during deep marcosis

ie & negative blopotential of 10 milliseconds' duration, For instance,
in recordings A and B of Fig, 12 the first shock of stimulation .causes
this e.imple biloelectrical reaction, a negative potential lasting 10
milliseconds and reaching an amplitude of 0,75 milllv, Subsequent

shocks with a stimulation frequency of 3 per second (recording A) and

16 per second (recording B) cause potentisls of greater amplitude

(1.2 mflliv,) and of greater duration (up to 40 milliseconds),

The i{ncrease of ampiitude ‘and duration of the negative slow
potentiale ocours because of the rise of additionsl negative fluctuations,
In Fig. 8 are indicated the first 2 effects of stimrlation at a rhythm
of 16 per secﬁmi. Addltional fluetuations are indicated by arrows,

The first shock of stimulation causes an elementary dendritic potential
not. complicated by supplementary fluctuations; The second shock provoi;es

8 more complex effect: the elementary negative potential is complicgted

by two additional negative fluctuations, They srise on the descending ‘

part of the potential end stipulate incremse of the length of the effect,
At a stimulation frequency of 1 per second snd less the effects remain
simple, and in response to single shocks of stimulation stereotypic
responses arise,

Supplementary fluctuations can be expressed not only in the

form of "humps" on the background of the main demdritic potential but
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can be fluctuations of considerable smplitude sharply separate from

the first negative potential, During certain conditions their

amplitude can considersbly exceed. the amplitude of the initlel negative

potential,

(Legend to Fig. 22, textpage 60: Supplementary negative
potentials, A, B, end C - cat o, 23, Mey 17, 1950, Stimulating
electrodes and discharge electrode on the gyr, suprasylvius; 2.5

mm, between them, Stimulation frequency about 12 per second, A -
stimilation intensity of 5 v, B - 10 v, C~-30 v, D - cat No, 30,
July 1, 1950, 8timulating electrodes are placed at the anterior
pole of the gyr. supresylvius; at a distance of 4 end 10 mn, from
them in the sams convolution are placed the dlscharge electrodes El
and Eo. The potentials ere reglstered simultaneously from polnt By
(lower curve) end Ep, Stimulation intensity 30 v., frequency 10 per
gecond, E - cat No; 9, July 28, 1949, Distance between stimulating

. electrodes and discharge glectrode 4 mm, Intensity of stimulation
16 v., frequency ebout iz per second, F - after one minute of
stimula'gion, El - effect of twice as powerful stimulation 30 séconds
after the heart has stopped. G - cat No. 32, July 10, 1950, Stimuleting
eiectrodas apd discharge electrode ave placed on the gyr. slgmoideus
post, (P - B = b mm), Stimulation intensity 30 v., frequency 10

per second. Stimilation did not provoke motor reaction of the animl,)
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These supplqmntary waves arise first in comnection with
intensification of the stimilation (Fig. 22, A-C), secondly, as we
have already seen, in comnection with the increase of frequency of
the stimilation, and f£inally in comnection with repeated stimilations
(Fig. 22, D).

During stimulation at a rhythm of 10 per second these edditional
fluctuations can be intensified through the course of the stimulation
(Fig, 22, D and 6). In a number of cases in the course of the stimulation
the latent period of -their arising is reduced, During prolonged
stimylations the supplementery fluctustions attenuate In a greater
measure then the init{al negative potential, For instance, in one
experiment, the beginning of which is presented in Fig. 22, D, the

2d, 3¢, kth, and 5th, shocks of stimulation caused double effects,

bﬁt alréady the 6th Mk and all subsequent ones ceased to provoke

a supplementary negative potentigl. Under the effect of strychanine
édditional fluctuations are extremely intensifled (Fig. 23), whereas
tﬁe initlal negative potential incréasea very little (Footnote: A
certain intensification of m initial negative potential under the
effect of strychnine indicates that under the effect of strychnine
intensification occurs of local potentiels, i.e, of reg@onal excitation,
An amalogous conclueion was mede on the basis of experimente on ‘the
spinal cord (Beritov and Roitbak , 1950b).) During strychninization

the latent period of a eupplementary fluctuation is reduced (Fig. 2h)
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and it can unite with the first, as the result of which a single
prolonged potential srises. During stimulation at a rhytim of 10

yer second alternation of effects complicated by gigantic supplementary
fluctuations can be observed with simple effects (Fig, 23), i.e.

during repeated gtimulations supplementary fluctuations, intensified
uﬁder the effect of the strychnine, can separate out (compare Chang,
1951a),

(Legends on textpage 62, Fig, 23:‘ Effect of strychnine on
cortical bloelectrical effects caused by electrical stimulation of
the cortex. Cat No, 28, June 10, 1950, Nembutel, Stimulating
electrodes (P) - on the gyr. suprasylvius., The potentials are
diacharged from the same convolution at a distance of 4 mm, from
P (El’ upper curves) and from & point of the gyr, suprasylvius of
the opposite hemisphere, symmetrical to the point stimulated (EE

lover curves), Stimulation frequency 10 per éscond, intensity 30 v,

A - prior to poisoning, B and C/- 5 minutes after local polsoning

with strychnine (1%) of point E. D - effect of stimilation at &
rhythm of 3 per second after poisoning of point B with a saturated
solution of strychnine,

Fig. 24t Effect of strychnine on the biopotentiels of the
cortex that were provoked by its electrical stimulation, Cat No, 12,
Dec, 2, 1949, Nembutal., The stimulating electrodes and discharge
electrode are placed on the gyrus suprasylvius; the'discharge electrode

is found at & distance of 2 mm, from the stimulating electrodes. A -
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the effact of a single stinmlation (25 v.) prior to poisoning. B -
10 minuteé after local polsoning of the cortex under the discharge
électrode by 0,1% solution of strychnine, C =15 minutes after
poisoning (in experiment C - intensification is reduced), )

During very light parcosis or in experiments on non-nparcotized
preperations the very fii'st shoek of stimulation produces complex
effects with supplementary fluctuations (Fgi. 25, textpage 63:
Biocelectrical potentials registered on the surface of the cortex
near the point stimulated in non-narcotized cat, Cat Ne, 31, July
L, 1950, The larger hemispheres (the cerebrum) ave revealed, the
spinal cord is intersected at the boundary of the medulla oblongata,
artificial respiration, P-El distance = 3 mm., P-Ey = 7 mm,
Stimilation intensity 30 v., frequency 10 per second. A is the
beginning and B the end of brief stimulation (shortly after this
recording the functionsl state of the cortex worsened greatly).),

The facts cited permit concluding that the supplementery
negative potentials are stipulated by the activity of the intermediate
cortical neurons. This indicatest

1) Their disappearance during a worsening of the functional
stete of the cortex or their sensitivity to narcosis. As Chang
(1951) pointed out, during anoxia supplementary fluctuation disappears
after 1 minute; the initial negative potential, ss already said,

disappears after 1.5 minutes.,-
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2) Their quick attenuation during long exhaustive stimulations,

3) Their 1htensification in connection with intensification and
icrease in frequgncy of the stimilation,

4) Their senstivity to strychnine,

Histological information on layer II of the cortex, Axonal
pléxus of layer II, In layer II there is & complex plexus of axon
terminations, in which the short azoms of the celle of layer II, the
collaterals of the fibers of layer I, and the ascending sxons of the
cells of leyer III participate (Lorente de No, 1933).

Types of cells of layer II, 1) Ster cells (modified pyramids),
'l'h.ese are cells of average slze with numerous dendritic offshoots
proceeding in all directions and supplied with spines. The axon ruus

. into the white matter, giving off 6-10 collateréls into layers,f, i1,

III, V, and VI (Lorente de No, 1933; O'Leary and Bishop, 1938).

2) Cells with horizontal azon, They are distinguished from

the ﬁecﬂim by fﬁeir axon: it hag a horizontal direction aﬁd glves

off a great number of short collaterals that spread into layer I and

terminate, according to Lorente de No, on the bodies of the star cells,
3) Cellsv with ascending exon,  They ere of a lesser size,

Their dendrites spread into layers I and IT, but the axon, at having

attalned layer I, divides 1into two tangential flbers, each of which

gives off collaterals (Lovente de No, 1933).-
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L) Cellp with dendrites proceeding with two tufts into layers

I snd III, The exon or. its branch proceeds into layer III, terminsting
there around the pyramids {O'Leary end Bishop, 1938).

In Fig, 26 layer II is schematically presented, its neuronic
elements and their comnections, (Legend to Fig., 26, textpage 64
Schematic depiction of the neurons of layer II of the cortex and of
certain of their comnections. 1, 2, and 3 are the main types of
neurons of layer II of the cortex, 1 is a neuron with ascending
axon, 2 is a neuron with horizontal axon. 3 is a neuron with
descending axon and collateral returning into layer I (star cell).
The schems was composed on the besis of certain histological data,)

On the basis of certain histological information mentioned
above about layer II of the cortex it is possible to make the following
conelusions:

1, During excitation of the system of fibers of layer I
excitation of the cells of layer II can oceur, because in layer II
there are numerous collaterals of the fibers of layer I.

2. During excitation of the cells of 1ayer‘II Bctivation can
oceur of the top dendrites in leyer I; because among the cells of
layer II are cells with axon ascending into 'iayer I, vhich teke on
there & horizontal direction and give forth many collaterals, In
addition, the axons of the star pyramids glve forth collaterals into

layers I and II,
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3. During excitation of the cells of layer II activation can

oceur of elements of the deep layers of the cortex, since the axons

of the star pyremids give forth collatersls into lsyers II1, V, and

VI, and certain cells with short axon of layer II terminate in the
pyremids of layer ITT,

4, During escitation of the horizonmtal cells activation should
prdceed of ﬂm entire complex of star pyramids and, theanks to the
latter circumstance, intensit‘igd activetion of the deep layers,

Origln of supplomentery negative fluctuations, There is no
doubt that the supplementary negative fluctuetions in the effects
thet arise in response to stimulation of the surface of the cortex
are stipulated by excitation of the intracortical neuroms, Histological
data give indication that they should be stipulated by the activity
par excellence of the neurons of layer II of the cortex. The
mechanism of their ariging in the sim;lest case can be connected
with excitation of the cells of layer II with axon escending into
layer I (Pig. 26 - 1),

During stimulation of the fibers of layer I impul@e‘s of
excitation proceed first to the synaptic endings of the fibers of
layer I for the top dendrites and, secondly, to the cells of layer
II with ascending‘axon, the endings and collaterals of which form

additional synaptic flelds for the top demdrites. As & rvesult y
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imediately in response to the stimilation, the firet negative
fluctuation arises, already designated by us the élementary
dendi'itic potential, In the cells of layer II there mlso arises

a reglonal excitetion, and (when there 1s & good functional state
of the neurons), when 1t reaches a certain size » these neurons are
discharged by impulses into their ascending axons;, which stipulates
edditional "impulsation’ to the top dendrites of layer I , the
ariaing in them under the synaptic endings of the ascending exons
of & reglonal excitation, and the arising of a supplementery nega-
tive fluctvation in the effects being registered,

During participation of cells with short sxon that branch
for a short distance in the limits of a glven layer (typical Golgi
II cells), cells which are extremely numerous in all layers of
the cortex, an mesociation and involvement in the reaction of the

new complexes of cells with ascending axon can oceur, which readily -

explains the fact of the srising of a series of supplementary
fluetuations,

Excitation of the neurons of layer II proceeds ms & result
of the spread (in connection with intensification of stimulation)
or of the temporary (in comnection with increase of frequency of
stim;a’cion) summtion of excitation, Frequency of 10 per second

1s evidently an optiml frequency of stimlation for excitation of
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these neurons governing the arising of additional negative
" potentials,

During strychuine poisoning, in conseéquence of the elevation
of excitability, a greater number of intracortical neurons are drewn
into reaction and their activity is aynch_ronized. A result of this
16 that for the top dendrites of the pyramids there sets in at esch
stimulation an incomparably greater number of impulses from the
intermediate neurons., Because of this, intensification of & secondary
negative fluctuation and the arising scmetimes of a vhole series of
additional fluctuations oceur.

At stimulation of the surface of the cortex (during excitation
of the fibers of layer I) not only neuronic elements of layers I and
IT can come into an active state but also the neuronic elements of
the deeper-lying layers as a reeu{t of the excitatibn, for instance,

of the star pyramids of layer II (Fig, 26 - 3), This should lead

to the arising of new bieelectrical phenom, to & consideratioxi

of \;hich we shall proceed imediately,
3. Positive Potentials
At placement of the discharge electrode more deeply into the.
middle and deep layers of the cortex the sign of the potential
provoked by stimulation of the surface of the cortex changes. To

this phenomenon was given an explanation, sccording to which the
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erising in the dendrites of the pyramidal neuron of a local potentisl
end, consequently, of a difference of potentials between the dendrites
and the other parts of a given neurén leads o positive polarization
 of the latter, L., of the cell body and axon, It is possible to
think thet in case of tha arising of a regional excitation in the
bodies of the pyramidal neuroﬁs a positive potential will be registered
from the surface of the cortex (from their top dendrites).

(Legend to Fig. 27, téxtpage 66: The arising of positive
poﬁentials n connection with increase of frequency of stimulation
of the surface of the cortex, Cat No, 27, June 7, 1950, Gyrus -
suprasylvius, Distance between discharge electrode and stimulating
electrodes 4 mm, Iiltensity of stimulation 30.v. A ~ frequency of
sﬁiumlation 15 per second. B ~ frequency of stimulation 40 per
sec;md.V)

Adrien in his works with stimilation of the eurface of the
cortex and registration of the 'bi;eleotricalmactions arising
established that during s good furictional state of the éortex shocks
of stimulation, for instance at a rhythm of 10 per second, provoke:
negative potentisls at first, then the sign of the potentials changes,
i.e. positive fluctuations begin to ariss, the Amutuds of which

grows in the course of the stimulation, the potentials may become ‘

moié complex in conhection with the nriéing of additional positive

fluctuations (Adrian, 1936).
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This phenomenon was observed too in my experiments, Conversion
of negative potentials to positive in the course of the stimilation
ocours the more quickly the more frequent the stimulation up to &
certain limit, At a stimulation frequency of 10 per second this
can proceed only after several seconds of stimulation, as this was
in one of the experiments of Adrien, At & frequency of 40 per second
this een proceed after 0,2 sec, (Fig, 27), but in one experiment
this procseded after three shocks of gtimlatiou (Fig. 36, C). On
non-narcotized rabbit it is possible to chserve how-even at &
frequency of stimulation of 3 per second the effects affer several
seconds of stimulation change their sign, On narcotized cats this
change ugually occurs only at a certain reletively greater frequency
of stimlation (20-50 per second), At lesser frequencles of

stimilation this phenomenon does not arise however much the stimulstion

has been prolonged, For instance; in the experiments certain recordings

of vhich are presented in Fig, 28 it was established that during
‘several-minute stimrlation at a rhythm of 1 per second the effect of
its character did not change (ose. A), (Legend to Fig, 28, textpage
671 The ariaiﬁg of positive potentials in comnection with increase
of frequency of stimulation of the surface of the cortex, Cab ¥o. 56,
July 16, 1953, Nembwtal, The stlmilating electrodes and discharge

eleétrode are established on the surface of the gyrus suprasylvius;
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dlstance between discherge electrode and stimulating electrodes 5 mm,
Intensity of stimulation 30 v, A - frequency of stimulation about 1
per second, B - about 5 per second, C - about 10 per second, D - &bout
25 per second; 0,5 secbnd after the beginning of stimulation, E - 10
geconds after beginning of stimulation, Recording by Schleiff oscillo-
greph,) At a frequency of stimilation of 5-10 per second, in spite
of the fact thet complex double negative potentials aroge, i.e in
spite of the expitation of certain complezes of intermediate cortical
neurons, no change occurred of the sign of the biopotential; at
prolonged stimulations progressive attenuation occurred of a supple-
mentary fluctuation (osc, B and C). At a frequency of stimulation
of 25 per second the negative potentials began quickly and progressively
to attenvate (osc. D), and after several seconds of stimulation each
ghock provoked a quite positive potential (ose. E).

In certain preparétions a powerful siﬁgle stimlation can
- immediately provoke & pcsitiva potential of greater amplitude, arising
after the artefact of stimulation, It is in‘befestiﬁg tbat in thede
cases at & frequency of stimulation of 10 per second only the first
shock of stimulation provokes & positive petential,' the second and
all subsequent shocks of stimilation provoke negative potentials
(rig. 22, ).

Positive potentials, considersble in amplitude, can arise
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after 8 supplementary negative potential (Pig. 28, A and B),

According to Chang, preceding a s;xpplemn’cary negative potential
is a positive one, i.e. in respanse to stimilation a negative potential
arises that passes over into a positive onme, after which a{ second
negative fluctuation follows, This sctually can occur (see Fig. 15),
but this is not the rule; supplementary negative fluctuations can
arise without the preliminary first negative potential having changed
to positive (see Fig, 22).

Finally, a positive fluctuation (Fig. 23, C) can precede the
initial negative potential, which Chang (1951) also points out,

In the majority of cases after ’the negative potential a low
positive deflection is observed of considerable length, It is
aifficult to say whether it always expresses actlivation of the
elements of the deep layers, since it is observed also during deep
parcosis, Perhaps this is the analogue of the subsequent positive'
potential after reglonal excitation, Such resultant petentials
arise, as already sald, in the notoneurons, _v

The following data regard the positive potentials that arise
at stimulation of the surface of the cortex.

1. In experiments on isolated strip of cortex the following
facts were established. When the cortex was mot marcotized, then
in response to & shock of stimulation applied to the surface of the

cortex & brief negative potential arises (30 milliseconds), after
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which a positive potential follows that lasts 2-% seconds ; on its
background fluctuations arise at a frequency of 60-75 per second,
At 1light narcosis these fluctuations drop out and a long positive
potential arises in pure form (Burne , 1951), During deep narcosis

the length of the positive potential 1s shortened to 0,1 second,

i,e, in remponse to a single stimulation the two-phase effect already

described ariges: after the negative potential a positive one arises
of less amplitude and greater length (see, for instance, Fig, 8).

At sinking the discharge electrode deeper into the cortex the
positive potential discherged from the surface of the cortex changes
ite sign at a depth of 0.4 ms, Thus » that the positive potential is
connected with the active state of the elements found below layer I
of the cortex is directly demonstrate# (Burns, 1951), At the micro-
electrode being sunk in deeper, the positive potential attenuates,
then changes its eign, i.e. a negétiva potential is registered. The
latter reaches its greatest amplitude et a depth of about 1.3 mm,

It is characteristic that the emplitude of the negative potential
at this depth exceeds the amplitude of the positive potential
disehbzged from the surface of the cortex (compare recordings a and
d, Pig, 29, textpage 69, the legend to which reads: Bioelectrical
poj:entials discharged by the microelectrode from different layers
of the cortex at stimulation of it surface, Isolated strip of

cortex of cat with cireulation preserved, The glass microelectrode

L
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was 4 mm. distant from the stimuleting electrodes, and later on it
was sunk more desply into the cortex. The indifferent slectrode
was placed on a thermocoagulated part 61‘ the cortex, The surface
of the cortex w£s stimslated with a single elsctrical s’cimulus.‘
Bobster with & more fized time, 8 - Microslectrode on the surface
of the cortex; b - microelectrode is sunk to & depth of 0,59 mm.;

¢ -at 0,72 m; d~-215m; e - at203m Deflection upward
signifies the negative charecter (Burns and Grafstein, 1952).).
Thus, the main source of a positive potential discharged from the
surface of the cortex at stimulation of the surface of the cortex
congists of neuronic elements located at a depth of 1,3-1.5 mm.,
i,e, neuronic elements of cortical layers V and VI, The fact that
the threshold .of provocation of the positive potential is least

at the position of the tip of the stimulating microelectrods at this
depth, on the other hand, testii;fles to this, It is greatest when
the stimlating glectroda is found on the surface of the cortex
(Burps and Grafstein, 1952),

2. While stimulation of the motor region of the cortex causes

némtive blopotentials, contraction of the correapond;ng nuscles does

not set in, Movements arise only when stimlation of the cortex
begins to cause pomitive potentisls, contraction of the muzcles
getting in when the positive potentials discharged from the surface
of the motor reglon of the cortex reach a certain definite magnitude.

Thereby, the group of impulses of excitation in the miscle (Adrien,
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1936) corvesponds to sach positive fluctuatimm in the cortex, At

the iim the positive potential is discharged from the surface of
_the‘ cortex discharges of very quick impulses of larger amplitude
are diecbérged from the depths of the cortex by & microslectrode,
These discharges are reglstered only when the tip of the electrode
is at a depth of 1,3-1,5 mm., 1,6, in the region of the main source
of the positive pétential, in the region where the bedies of the
larger pyramide of layer V are found (Burns and Orafetein, 1952),
These discharges, as already sald, never arose at the time of a
negative surface potential, Thus, the positive potential registered
from the surface of the cortex is comnected with excitation of the
pyranidal neurons of the deep laysrs of the cortex.

3. Positive response spresds without decrement at a rate of
0.6-0,15 m," per second (Adrian, 1936; Burns, 1951). During narcosis
1t spreads for o distance of up to 7,5 mu On the basis of.the
spread without decrement, the conclusion is made that the spread
of positive potentlals is linked with transmission of excitation
into the deep layers of the cortgx from neuron to neuron through
the synapses (Adrian, 1936). The spread of the positive potential
1s avolded by incision of the cortex to a depth of 1.25 mm, (Burns
and Grafstein, 1952). According to Burns, neurons of the deep

layérs form & network consisting of "self-excitation" nerve orbits.

N
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The minimal length of these nerve orbits, in his opinion, equals 2 mm,
(Pootnote: 1In & 1951 paper Burns 8ives a graphic depiction of this
network, In the fllustration of the Burns and Grafstein article
(1952) the elements of the network are presented in the form of cells
with offshoots; Héwever s the depletion given there of the comnections
of the neurons 1s senseless from the point of view of generally known
neurclogical data: the offshoots of the neurons establish synaptic
connections between cne another, i.e, the azon of one neuron with

the axons of other neurons, the dendrites of one meuron with the
dendrites of other peurons, Finally, in the 1955 work Burns supports
some of his theoretical idsas on the activity of the network of

nerve elemente of the cortex by model experiments with "titration
newrons” (!),)

Origin of positive potentials arising during stimulation of
the surface of the cortex, On the basis of a ;mmber of facts cited
above 1t 1s possible to consider demnatra;ced that the positﬁe
fluctuations discharged from the surface of the cortex during
stimulation of 1ts surface are connected with excitation of the
neuronlc elements of the deep layers of the cortex, . On the basis
of electrophysiological and histological facts kuown et the present
time it 1s posgible to explain first the arising of positive
potentials during eieitation of the elements of the deep layers

and, secondly, it is possible to explain in what vay during stimulation
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. of the surface of the cortex excitation of the elements of the deep
layers arises,
During clarification of the arising of the positive potential
disehargéd from the surface of the cortex it is possible to use
the same reasoning as for clarification of the arising of a positive
potential discharged from the depths of the cortex at activation of
the surface layers of the cortex, i.e, it is necessary to think
that when regional excitation, a negative potential, arises in the
bodies of the pyramidal neurons, then the corresponding top dendrites
of these pyramids must be polarized in a positive fashion, This is
virtually observed too, and this is directly shown by Burns's
experiments, As alrveady said, at sinking the discharge electrode
into the cortex to a depth of 0,4 mm, and lower, a negative poteﬁtials
i{s registered (the same electrode discharges & positive potential
vhen on the surface)., Finally, it ie known that at direct sfimulation
of the neuronic elements of the deep layers (by means of a needle
electrode inserted deep into the cortex) from the surface of the
cortex positive fluctuations of potential are discharged (Adrian,
1936; Burns and Grafstein, 1952).
’ Thus, the positive potentisl discharged from the surface of
the cortex expresses & positive polsrization of the top dendrites
of the pyramid.ﬁl neurons, stipulated by regional excitation of the
deeply situeted parts of these neurcns, probebly of their cellular

bodies for the most part,
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During very intense stimilations of the cortical surface the
loops of electrical current can shov a direct stimulating action on
the neuronic elements of the deep layers and cause their excitation,
However, during the cond.itigns of stimulation which were used In
my experiments, &s alresdy seid repeatedly, primarily the fibers of layer
1 were excited, Fxzcitation of layer I fivers can stipulate excitation
of deep layers by neurons of layer I, on vhich collaterals of layer I
fibers end. Bince the descending azons of the (modified) star pyramids
of layer II discharge collaterals into layers III, V, and VI end certain
neurons of laysr II have an axon terminating around the bodies of the
pyramidal neurons of layer 1II, then consequently at excitation of
these neurons activation of the desp layers should oceur, If the
neurons of layer II with horlzontal axon (Fig. 26 - 2) are excited,
the collaterals of which terminate in meny ster pyramids of layer II,

then this can evidently lead to excitation of @ whole complei of the

1atter and to most intense "tmpulsation” into the deep layers of the

cortex. -

The following facts obtained by Burns end Grafstein (1952)

spesk in favor of this, that excitatlon of the neurons of the deep
layers and the arising of the positive potential can proceed and
oéeur 88 & result of the excitation of the fibers of layer I. When

the intensity of stimulation of the cortical surface was threshold
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in thé senge of the provocation of & positive potential at a certain
' distance from the regiah of stimilation, then surface-most section

of fhe cortex around the stimulating electrodes, which stopped the .
v spread of the negative potentisl, inhibited the srising of the

positive potential too, During intense stimulations of the surface

of the cortex the positive potentisl spread even after intersection

‘(again the depth of the section, as already stated, did not reach
1,25 mm, ), but the latent period of its arising in s remote part
after surface section of the cortex was lengthened several times.
Thus, excitetion of the fibers of layer I can gtipulate the arising
'of a positive potential, By means of the fivers of layer I
eicimtion of the deep elements of the cortex in a part remote

from the region of stimulation can procesd more quickly then when
the elements of this part are activated as & resulf. of the successive
-gpread of the excitation through the neuronic elements of the deep
layers of the cortex.

Thus, with stimulations of the corticel surface moderate in
intensity excitation of the elements o: the deep layers occurs through
the fibers of layer I that are first to be excited. ”

According to Burms (1951), the negative potential arising
Mdiately .in response to stimulation is the reason for the arising

of & positive potential. When the negative potential reaches & certain
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critical magnitude, namely 30-35% of 1its maximel amplitude, then it
becomes the source of a discharge of impulses which spread downward
through a top d.endritg to the body of the pyramidal neuron, Spreading
through the axzon of the pyramldal neuron and its collaterals, the
excitation embraces: other neurons of the deep layers, Hecles (1951)
thinks this the most likely explanation of the mechanism of the arising
of positive potentials, Cheng (1951) also thinks that the positive
potential arises when the impulses of the top dendrites spread to
other perts of the pyramidal neurons,

Thus, with such integration the local potential of dendrites of
the pyramide is considered as & source of the excitation of the pyramidal
neuron, We, with this point of view, run into the diemetrically opposite
one which is developed in the present work and according to which

regionsl excitation of the dendrites is not the source of the excitation

of the corresponding neuron,

Adrian came to the conclusion thet the arising of the positive
potentials being considered is the result of the fact that the bodies
of the pyremidel cells are excited and that their dendrites ere at this
time in an imactive state (Adrian, 1938), However, it is impossible
to allege that at electrical stimulation of the surface of the cortex
elements of the deep layers, particularly of the body of the pyramids,
wers gelectively excited, It must be thought that in this case too,
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vhen the positive potential is registered from the surface, elements

of both deex;\and surface layers are found in an active state, however
the activity of the deep layers is dominant, and 1t must be thought
tha‘t; the potential being registered from the surface of the cortex is
the resul’s of a negative pobential and a positive potential, At
stimilation’ of the cortical surface, owing %o the spread of excitation
through the system of fibers of layer I, the top dendrites of a certain
nunber of i)yramtdal neurons of the point of thecortex being discharged
come into the regiomal excitation, Howsver, at excitation of the
fibers of layer I excitation can also occur of the deep layers through
the star and other neurons of layer II, As a result of this, the deep-
lm perts of the pyramidsl neurons, of their bodies, can enter into
e state of regional excitation. If, for simplicity, one pyramid neuron
is taken, then & regional excitation in the sumuit dendrite arises

1n it under the influence of impulses from the first scurce under a
certatn muber of synsptic endings of the Pibers of leyer I, If &t
this time excitation from a second source of a greater nutber of
sypapses occurs for the body of the neuron being considered, then a
more intensive regional excitation arises there and the negative
dendritic potential will be msked by & positive polarization of the
dendrite, stipulated by the negetive potential of the body of the

pyramidal neuron, On the other hand, the negative potential too,
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digcharged from the surface of the cortex, should not always testify
to the isolated activation of the elements of the surface layers:
regional excitation of the dendrites can mask regiomal excitation of

" the bodies of the corresponding neurons, Hence, logically it follows

that, with move or less identical excitation of the surface end deep

layeré, from the surface of the cortex as & result of an algebraic
sumsetion of potentials identical in intensity and opposite in sign
there can generally be registered a certain electrical potential,
During deep nercosis the sign of the potential discharged from the
surface of the cortex can actually testify to the activation of the
gurface layers (during stimulation of the surface of the cortex) or
of the deep layers (at stimulation of the afferent fibers - see
Chapter IV), This is commected with the fact that during deep
narcosis setivity is limited by those elements on which lmpulses
fron the Pibers of layer I that are stimilsted or the afferent
impulses act directly, In these elements reglonsl excitation arises,
and the reaction terminates in this, At 1ight narcosls when the
gxcitabili'oy of the neurons is relatively high subsequent excitation
of the neurons occurs, as well as transmission of the excitation by
numerous elements in the varlous layers éf the cortex snd, as we

see further on, in different perts of the cortex, Certainly an

snalysis of the bioélectriwl potentisls being registered from the
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surface of the cortex becomes in connectlon with this much move
complex,

In connection with what hes been sald above, certain recordings
of bioelectrical fotentials will be considered below,

We have seen that at deep placement of the discharge electrode
below layer II the negeti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>